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(From the Physiological Laboratory, Cambridge.) 


recording the electrical activity the cerebral cortex possible 
map out the regions which impulses are sent the various afferent 
pathways. The area has been studied this way Marshall, 
Woolsey and Bard (1937), the visual Bartley and Bishop (1933), the 
auditory Bremer (1938) and the method has now become one the 
standard procedures for working out the details cortical localization. 
some recent work the discharges the brain from touch and pressure 
receptors comparison was made the chief regions the body which 
send information the cortex the rabbit, cat, dog and monkey (Adrian, 
1941). Some the differences which were found were obviously related 
the different habits life these animals. seemed worth while 
therefore examine the brains other species from the same stand- 
point and the following account deals with the brain the sheep, goat, 
pig and horse. these animals has been found that the most important 
group receptors connected with the cerebrum are those the lips and 
snout but there the interesting difference that the goat and sheep the 
connections are ipsilateral, whereas the pig and the horse they are 
contralateral the cat and dog. 

Before the particular method work described should made 


clear that the areas which reveals are those which afferent impulses 


are sent the most direct route. Marshall, Woolsey and Bard have shown 
that when animal deeply one the barbiturates, 
stimulation cutaneous receptors produces strictly localized activity 
the cortex area which approximately the same from one animal 
another and seems depend fixed anatomical connections. When 
the afferent impulses are recorded instead the slower electrical changes 
the cortex (Adrian, 1941) the same fixed localization found and there 
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good reason believe that the pathways are those which the signals 
are the direct route through the thalamic relays. More 
widespread effects may follow stimulation under light anesthesia and 
conditions which favour the diffusion activity the brain (e.g. chlora- 

lose though usually possible distinguish the primary 

effect since the activity which develops elsewhere not closely related 

the stimulus. Evidently, then, the area which receives the primary dis- 

charge may not extensive the area which electrical stimulation 

will produce sensation which injury will impair certainly 

smaller than the sensory area defined Dusser Barenne’s method 

local strychnine application. avoid confusion therefore has been 

referred previous work the “somatic receiving and this 

term will retained the present account. 


Observations have been made two kids, two full grown goats, four sheep, 
two pigs and two Shetland ponies. They were with dial and the 
skull was opened over the anterior third the cerebral hemisphere. electrode 
holder was attached hard rubber support fastened the skull sealing wax. 
The electrode was carried rod sliding ball and socket joint. For recording 
from the surface the cortex the electrode was made tuft cotton wool 
held spiral chlorided silver wire; record from the deeper layers from 
the white matter fine enamelled silver wire (38 S.W.S.) was thrust into the 
cortex the required depth. earthed “indifferent” electrode spiral silver 
wire was fastened the inner surface the scalp. 

The electrical activity different regions the cortex was examined 
amplifying the potential changes and converting them into sound means 
loud speaker. Photographic recording was not used, partly because would 
have added little fresh information and partly because the large size the animals 
made difficult use the screening chamber which necessary when amplified 
potential changes are led unshielded oscillograph system. With the output 
amplifier and loud speaker completely shielded there fear interaction 
between output and input and need therefore use screen round the animal. 
possible distinguish ear between the dull thud made the potential 
waves the cortex and the rushing noise due the arrival train impulses, 
and often much easier detect what happening the sound than the 
inspection photographic record which not available until the picture has 
been developed. 

The procedure consisted moving the electrode from point point over 
the cortex whilst stimulating tactile pressure receptors various regions hand 
with feather glass rod, the object being find the cortical area receiving 
afferent discharges from particular groups receptors. The active points the 
brain surface were marked system dots Indian ink that their position 
could recognized after the brain had been removed and fixed. The exposed 
surface the brain naturally easier examine than are the surfaces which 
are buried the sulci. Whenever was suspected that afferent impulses might 
reaching buried region this was explored far possible insulated wire 
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electrode thrust through the grey matter. should reveal any well marked 
discharges and has been used e.g. locate the buried auditory area the monkey’s 
brain. If, with these methods, nothing can found from certain regions the 
body safe conclude that the receptors these regions send relatively little 
information the cortex, but naturally cannot maintain that they send 
information all. 


Fic. shows the main convolutions the brains the goat and the 
pig and the position the areas receiving somatic, auditory and visual 


S.Suprasylvius 


Auditory 


Visual 


receiving afferent impulses the brain the goat (above) and 
the pig (below). Average several experiments. The margins the visual area 
have not been precisely determined. 


signals, mapped the electrical method. Fig. shows the somatic and 
auditory areas the brain the Shetland pony drawn the same scale. 
The auditory and visual areas have not been examined detail any 
the animals, but are easily the auditory area reacts well 
the click pair forceps foot more from the head, and the 
visual area there the usual and discharge impulses when 
light thrown the eye and when withdrawn. The mesial borders 
the visual area were not mapped, but remarkable how closely all 
the receiving areas the pig’s brain coincide with those determined 
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Campbell (1905) from the histology the The somatic receiving 
area was examined more carefully and will described for each animal 
turn. 

Goat.—The somatic receiving area the goat illustrated fig. 
will seen that the greater part supplied the receptors 
the lips and snout and that the connections with these are ipsilateral though 
there some overlap across the mid line. The representation the limbs 
has always been contralateral though has varied extent. Discharges 
the cortex from the opposite fore-foot were detected three out 


Fic. 2.—Somatic receiving area the goat’s brain, showing ipsilateral representa- 
tion lips and contralateral representation fore-foot (goat No. discharges 
from the hind-foot were found this animal. 


four animals and two these there were discharges from the opposite 
hind foot well. The fore-foot region lies the anterior limb the 
ectosylvian gyrus with the hind-foot region above 
Discharges these areas come mainly from the distal parts the limbs, 
particularly the hairs just above the hoofs and the cleft between them. 
There was definite response from the trunk the upper part the 
face any the animals. 

two the sheep there was region for the contra- 
lateral fore-foot the goat. the other three nothing could 


There some discrepancy regard the auditory area. This also found 
mapping the cat’s brain. 
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detected with certainty from the limbs trunk. The face area was like 
that the goat, receiving discharges from the upper and lower lips and 
snout the same side. the goat the lower lip connects with the 
mesial and higher part the receiving area and the upper lip with the 


icm 


Fic. receiving area the sheep. representation the 
lips. There was nothing from the limbs this animal (sheep No. 3). 


Fic. 4.—Somatic receiving area the pig. The whole area supplied the 
half the snout. 


lateral and lower and the receptors concerned are ipsilateral though they 
overlap the mid-line slight extent. 

Pig.—An interesting contrast given the somatic receiving area 
the pig (fig. The area occupies considerable part the cortical surface 
and apparently the whole concerned with the receptors the pig’s 
snout, nothing from the limbs trunks being found either animal. 
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The snout represented great detail: but the pig differs from the goat 
and sheep that the contralateral and not the ipsilateral half the 
snout which sends discharges the cortex. 

would mistake insist the absence any discharges from 
the limbs the pig when only two animals were examined. Both were 
sick (and considered unfit for food) though they remained good enough 
condition during the six hours examination. more serious objection 
that the buried surfaces the gyri were not exposed; but careful 
search was made the most likely areas with wire electrode reaching 
the white matter and limb discharges could heard although the 
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Fic. 5.—Connections between snout receptors and cortical receiving area two 
pigs. With the electrode the point marked the brain touches all points 
marked the snout gave audible discharge. Points marked are the 
lateral surface the snout and margin the upper lip. 


impulses from the snout were very clear. other animals there are 
characteristic features the afferent discharge the cortex which make 
the receiving area easily distinguishable. Thus light touch produces 
brief primary discharge with oscillating after-discharge, pressure gives 
continued train impulses, and the afferent impulses evoke the slower 
wave-like response the cortical neurones when these are allowed time 
recover from previous excitation (Adrian, 1941). 

The detailed representation the snout the cortical receiving area 
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was the same both pigs. The maps fig. show the arrangement, the 
receptors the upper part the snout leading the posterior part 
the cortical area, those the lateral border the snout the upper part 
and those near the mid-line the lower. The lower border the 
snout and the upper lip which continuous with leads the most 
anterior part the cortical area. difficult say how accurately 
excitation the surface the snout will reproduced the cerebrum 
for owing the density the tissues difficult limit touch 
pressure stimuli very few receptors. But touches usually gave rise 
discharge audible over cortical area only 2-3 mm. diameter and 
touching the hairs sometimes produced even more restricted effect. 
This implies fairly sharp cortical localization points the snout and 
its effectiveness can roughly estimated comparing the receptor and 
cortical areas for the pig’s snout with those the human hand and 
fingers. One half the snout had surface one pig and 
cm.’ the other, allowing for some extension behind the lateral margin. 
The messages from this surface are carried some 40,000 nerve and 
projected cortical area measuring between and (the higher 
figure assumes that the area extends the bottom all the surrounding 
sulci). Thus the ratio cortical receiving area sensory surface 
the order 1:10. The surface the human hand (back and front) 
about the cortical receiving area has not been mapped the 
present method but take Campbell’s map the post central field 
the hand area must cover about This gives ratio cortex 
sensory surface 1:75, which would mean that stimuli the snout 
are mapped the pig’s brain scale times large that used for 
mapping stimuli the human hand. The argument takes account 
the differences the density receptors different regions but can 
least conclude that the pig’s snout has powers tactile discrimination 
little inferior those the hand. These powers, however, are concen- 
trated the snout; discharge the cortex could detected from the 
tongue, lower lip hard palate either animal from any other part 
the head body. 

Shetland ponies were examined, foal only two days old 
and eleven year old stallion. the foal’s brain the position the 
auditory, visual and somatic receiving areas was roughly established and 


This rough count the number medullated fibres the maxillary 
branch the 5th nerve one the pigs. the sheep there were 29,000 medullated 
fibres this nerve. the Shetiand pony the number was 38,500. 
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was found that the chief source somatic discharges was from the 
snout the contralateral but the foal was poor condition and 
the heart failed before any detailed mapping could done. the 
stallion both cerebral hemispheres were explored and the same arrange- 
ment was found either side. Fig. gives diagram the brain with 
the position the auditory and somatic receiving areas. The latter 
lateral and aboral the sulcus coronalis the convolutions round the 
“system the fissura (Haller von Hallerstein, 
the goat the area consists two main regions, one front close the 
coronalis and receiving afferent discharges from the snout, and the other 
lateral and further back connected with the limbs. this particular brain 


Somatic 
Auditory 


Fic. 6.—Somatic and auditory receiving area the brain the pony, 
drawn the same scale Fig. 


the discharges which reached the exposed surtace the cortex the 
snout area were all derived from receptors and round the contralateral 
nostril. localization within the nostril region was precise and 
indicated fig. wire electrode leading from the buried grey matter 
the sulcus coronalis picked some discharges from hairs the upper 
lip. These were derived from the contralateral half the but were 
much less abundant than those from the nostril. Nothing was found from 
the lower lip from the upper part the head. 

the limb region discharges were detected when the contralateral 
forelimb was touched any part to, and including the shoulder. Very 
light touches were effective only the distal part the leg. Discharges 
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from the hind-limb were detected the aboral part the same cortical 
area, though they were smaller volume and seemed need more 
abrupt stimulus. was difficult make out any clear localization the 
discharges from different parts the limbs and there was considerable 
overlap between the fore-limb and hind-limb regions. Touching the back 
and flanks gave result. 

the goat and pig the somatic receiving area could distinguished 
from the neighbouring regions the spontaneous oscillating discharges 
which reach (probably from the thalamus) well the discharges 
produced sensory 


Discussion. 
Two main problems are suggested these results. First, what factors 
determine the particular parts the body surface which send information 


Fic. 7.—Representation the nostril region the brain the Shetland pony. 


the cerebrum these animals, and, second, why does the information 
sometimes come from the same side the body and sometimes from the 
opposite first problem the easier and the answer can 
reached considering the representation the body the cortex 
some other animals. 

Maps the somatic receiving areas the rabbit, cat, dog and monkey 
have already been published (Adrian, 1941). The representation the 
limbs and trunk most complete the monkey; the cat discharges 
from the ventral surface the body mesial aspect the limbs have 
been detected the cortex but the exposed dorsal and lateral surfaces are 
well represented. Fig. gives the representation the head. strictly 
contralateral, the pig, with nothing from the lower lip but with de- 
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tailed representation the upper part the face well the snout 
region. profile view the head (fig. shows why the lower lip sends 


Fore Foot Hind Foot 


Fic. 8.—Somatic receiving area the cat, showing representation limbs, trunk 
and head well the second area for the claws and digits the ectosylvian gyrus. 


Fic. 9.—Position the lower lip sheep, pig and cat, show the greater 
importance the lower lip receptors the sheep. 


information the cerebrum the goat and sheep but not the pig 
cat. the sheep the lower lip well the front and its receptors are 
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used selecting the food chewed, whereas the cat and the pig 
the lower jaw completely shielded the upper jaw and snout and the 
food has been selected before comes into contact with the lower lip. 
The more extensive representation the head might related 
the presence the large tactile which grow from the eye and 
ear regions well from the snout, for these are important sense organs 
(particularly nocturnal animal) and their information likely 
value the cerebrum. But rather the whole mode life 
animal which must hunt and kill its food which accounts for the more 
complete representation the exposed surfaces the head, trunk and 
limbs. the pig the only tactile receptors which play important part 
feeding are those the snout. the sheep they are those the 


Fic. 10.—Somatic receiving area the ferret, showing connections the face 
area. 


lips, but the cat the whole body must make active movements and the 
fore-limbs and the claws are used not only for the semi-automatic move- 
ments progression but for capturing the prey movements accurately 
adjusted counter its attempts escape. 

The same extensive representation the body surface the cerebral 
cortex has been found carnivorous animal different species—the 
ferret (Putorius foetidus). diagram the body and the somatic re- 
ceiving area given fig. based the examination three ferrets. 
spite the smaller size the brain discharges reach the cortex from 
head, trunk and limbs the cat. The ferret like the cat that 
the limbs and body are used the discriminative movements fighting, 
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whereas the hoofed animals the limbs have lost their fighting equip- 
ment the fusion suppression the digits and are used almost entirely 
for supporting the body and moving from place place. 


The position the fore and hind-limb region the cortex calls for some 
comment. the monkey, cat, dog and ferret the receiving regions are arranged 
from the mid-line outwards the order hind-limb, trunk, fore-limbs and head, 
they are man. the sheep, goat and pony, however, the fore-limb fegion 
lateral and aboral the face region. clue this difference supplied the 
peculiar arrangement the cat’s brain where there the main limb area near 
the mid-line but discharges from the claws, toe pads and hairs near them are also 
sent region the anterior end the ecto-sylvian gyrus, lateral and aboral 
the face area (fig. 8). The hind and fore-foot area the goat occupies the 
same position the brain this special claw area the cat and the likeness 
strengthened the fact that both animals the hind-foot area, when present, 
found above and behind the fore-foot area. The arrangement the cat seems 
related the special mechanism the claws the for electrical 
stimulation the cortex this region causes the protrusion the claws from 
their sheaths. The foot, hoof, area the goat presumably the morphological 
equivalent special claw area the cat, though the significance the 
arrangement uncertain. 


Why messages from the face area reach the same side the brain 
the sheep and the goat and the opposite side the pig and 
the sheep and brain the chief supply comes from the lips and 
the horse and pig comes from the snout, but this does not account for 
the difference for there some representation the upper lip and the 
snout all four animals. ipsilateral arrangement may peculiar 
ruminants. has been found only them whereas the contralateral 
has now been found the rat, rabbit, horse, pig, cat, dog, ferret and 
monkey. But this does not explain why the pathways should cross 
most mammals but not all. 

initial assumption may suppose that the contralateral arrange- 
ment due the influence the visual apparatus and the ipsilateral 
that the olfactory. Owing the crossing the optic nerve fibres 
messages concerning events one half the visual field are sent the 
opposite cerebral hemisphere, this arrangement being the natural con- 
sequence the reversal the image the retina (Cajal, 
crossing the olfactory fibres, and messages from the receptors 
the cerebral hemisphere the same side; they may relayed from 
there across the mid-line, but the electrical reactions the olfactory area 
show that the receptors one side are stimulated the chief effect 
the brain ipsilateral (Adrian, 1942). Now all the animals under dis- 
cussion sight and smell are both important and there are large visual 
well large olfactory areas the brain. But the carnivora, though 
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smell may more important the earlier stages hunting, yet for 
the immediate capture and killing moving prey the eyes are clearly 
more valuable than the nose. this stage the visual patterns must 
closely integrated with those furnished the tactile receptors the 
face and limbs and can make little difference whether there not 
inequality the stimulation the olfactory organs either side the 
head. Thus the tactile messages from the face receptors are sent across 
the mid-line conform with the visual messages. 

the rodents the Carnivora, the face area has 
act guides movement and the messages from these would clearly 
need integrated with those from the eyes. the pig the snout has 
important executive well sensory functions, for used for digging 
well for feeling and again the tactile and the visual messages must 
closely related. the monkey (and man) the face area has lost its 
leading position and its tactile receptors can have little directive function, 
but vision now the predominant sense and presumably has dictated 
the crossing all the pathways for touch. man indeed the olfactory 
apparatus has little influence that smell led into one side the 
nose rarely possible judge which side has been stimulated. 

the ruminants, the other hand, the olfactory parts the brain 
are very well developed and their leisurely feeding smell likely 
important guide the moment when food taken the lips. But 
this the reason why discharges from their lip receptors the 
cortex the same side, the contralateral arrangement the horse needs 
some explanation, for the horse’s lips are very much like those the 
ruminants. The difference seems lie the sensory equipment the 
nostril region and the use which put. the sheep and goat 
the nostrils are bare, have little tactile function and are scarcely represented 
the brain. the horse they are thickly covered with hairs, the nostril 
region the chief part the body employed for tactile exploration and 
has detailed representation the cortex. Since the objects touched 
the snout will come into the visual field and must often recognized 
sight rather than smell there some reason for the contralateral arrange- 
ment. the ruminants the tactile messages from the lips are mainly 
concerned with feeding and are more likely coupled with the 
olfactory than with the visual patterns the brain. 

This argument involves certain assumptions 
importance sight and smell different animals. Until they have been 
verified would waste time take any further. And there 
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are many other brains which should examined, like those the cow 
and deer where the nostrils are bare and have little tactile function 
that the elephant where the snout even more mobile and sensitive 
than the pig’s. But whatever may the explanation the crossed and 
uncrossed facial pathways, these results emphasize the great importance 
the receptors the face snout area the mammalian brain. Even 


the carnivora the cortical receiving area for the face quite large 


that for the limbs and trunk, and the animals the present series 
much larger. This not really surprising when consider the 
great number fibres the facial nerve and the fact that its receptors 
are the first make functional connection with the central nervous system 
foetal development (Barcroft and Barron, fact only 
the monkey and man that the receptors the fore-limb have become 
important the cerebrum those the face. 


(1) The area the receiving afferent discharges from 
peripheral receptors receiving area”) has been mapped out the 
electrical method the brains the goat, sheep, pig and horse (Shetland 
pony). 

(2) the goat and sheep the chief supply the cortex comes from 
the upper and lower lips the same side. The fore-foot and sometimes 
the hind-foot sends discharges area the caudal side the face 
area the anterior part the ectosylvian gyrus. These discharges come 
from the contralateral limbs. 

(3) the pig discharges from the limbs trunk have been detected. 
The whole the cortical receiving area seems taken with the 
representation the snout. The discharges come from the contralateral 
half the snout. 

Comparison the ratio sensory surface cortical receiving area 
suggests that the tactile discrimination the pig’s snout should least 
great that the human hand. 

(5) The relatively poor representation the limbs and trunks these 
animals seems related their mode feeding and the limbs 
being used solely for locomotion and posture. the carnivora discharges 
reach the cortex from most the exposed parts body. 

(6) the Shetland pony the position the receiving area resembles 
that the sheep and goat, but the region which mainly represented 
that the contralateral nostril. Discharges also reach the cortex 
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from most the limb surface, though the one animal examined there 
was detailed representation parts. 

(7) suggested that the ipsilateral representation the lips the 
sheep and goat may due the dominance smell rather than sight 
guide feeding. the pig and the horse the receptors round the nostrils 
are used for tactile exploration and the impulses from them cross the 
mid-line conform with those from the eyes, the carnivora and 
rodents. 
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THE MODE REPRESENTATION MOVEMENTS 
THE MOTOR CORTEX, WITH SPECIAL REFERENCE 
“CONVULSIONS BEGINNING UNILATERALLY” (JACKSON). 


(c) Clinical and Experimental Hypotheses Synthesized 

CONVULSIONS BEGINNING UNILATERALLY 123 


For our knowledge the topography and mode representation 
movements the cerebral cortex are jointly indebted clinical and 
lesions the cortex produced the action disease man, and electrical 
stimulation and cortical ablation performed apes and other animals 
experimentalists, have been the sources our information, and these 
may added the results electrical stimulation the human cortex 
carried out surgeons the course surgical interventions the brain. 

was reasoning from clinical observation that gave the first inkling 
cerebral cortex, and the sequence initial steps the attainment our 
present knowledge found summary (1900) “Textbook 
Physiology,” thus: “Previously 1870, was almost universally held 
that the cortex cerebri could not excited artificially, that there was 
localization particular functions particular parts, that the cortex 
must act for each and all its functions whole, and that lesions the 
cortex produce, according their extent, only general depression the 
functions the cerebrum without special symptoms local paresis. This 
doctrine was supposed firmly established the experiments 
Flourens (1842) which led him reject absolutely the localization 
function which had been formulated, altogether indifferent evidence, 
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the phrenologists, and remained for many years almost undisputed 
possession the field. notable exception had, however, made, 
after had been shown, the masterly researches Broca (1861), that 
one important function the cerebrum, that producing articulate 
language, intimately associated with the integrity the posterior part 
the third frontal convolution the left hemisphere the brain, and 
doubt had begun thrown the doctrine, least its rigid accepta- 
tion, Hughlings Jackson (1868), and Bastian (1869), the former 
whom was led somewhat later, from the study certain cases epilepsy, 
following lesion the brain man, the conclusion that the symptoms 
could best explained the assumption functional localizations, the 
epileptiform contractions being regarded the result irritative lesions 
(1870). This was the condition the subject when, 1870, were pub- 
lished the experiments Fritsch and Hitzig, which clearly showed that 
the doctrine the non-excitability the cortex was 

study early papers reveals what strength opposition 
his inferences encountered and how firmly rooted the contemporary 
view was the notion that the cerebral convolutions were “for mentation” 
only. 
The clinical neurologist, studying the knowledge our disposal 
the nature the cortical representation movements, cannot but 
struck the apparent unrelatedness the two sources our information 
the subject. the one hand, the literature electrical stimulation 
the cortex, both apes and man, presents the picture mosaic 
excitable points each yielding its characteristic and circumscribed motor 
response. the papers Leyton and Sherrington (1917) and those 
Graham Brown (1912, 1915, learns that the matter indeed 
more complex than this summary statement implies, that the excitable 
cortex shows certain marked features instability: the response evoked 
from any given cortical point often determined precurrent stimula- 
tion the same adjacent points, and point which one occasion 
yields movement may another silent. This instability has been 
analysed these observers into three factors named them, facilitation, 
deviation and reversal. these further reference will made, but never- 
theless the broad impression left the reader pattern discrete 
points each yielding stimulation small movement, sequence 
small movements employing small numbers muscles. 

the clinical side have the phenomena Jacksonian fits, 
Jackson named them, “convulsions beginning unilaterally.” There appear 
three predominant foci the motor cortex from which these almost 


invariably arise: they are the foci for movements the thumb and index, 
the angle the mouth and the hallux. All Jacksonian attacks seem 
spread from these parts ordered “march” convulsion that, 
rule, corresponds fairly closely with the topographical order localization 
movements the cortex this order has been revealed experimental 
stimulation. Jackson speaks these three cortical foci “physiological 
fulminates,” and there must physiological properties inherent them, 
and not shared equal degree other regions this cortex, that lead 
them react this way internal states the cortex that can hardly 
rigidly confined them. what these properties may be, experi- 
mental cortical stimulation gives clue and offers explanation. 

the basis his close study these convulsions and destroying 
lesions, Jackson put forward conception the mode cortical repre- 
sentation movements that first sight makes contact with the 
inferences this representation drawn Leyton and Sherrington and 
other experimental physiologists, and far the present writer aware 
attempt has yet been made achieve synthesis these two bodies 
observation, clinical and experimental. Yet comparative study seems 
clearly show that certain characteristics cortical activity, 
revealed experiment, have the very qualities generalized Jack- 
hypothesis. Therefore, synthesis these two approaches the 
problem the cortical representation movements long overdue, and 
here attempted. 

Perhaps one the most striking features the vast literature the 
experimental physiology the motor cortex the past seventy years. 
that has been largely anatomical its outlook and inspiration, con- 
cerning itself with the rather than with the “how” the cortical 
representation movements. Apart from the papers Graham Brown 
and Sherrington facilitation, and the chapter the functions the 
motor cortex Leyton and Sherrington’s classic paper, physiological 
principles representation have not greatly engaged the attention any 
those working this subject. Hence, the original punctate localization 
theory the pioneers still holds precarious sway, despite belated 
awareness its profound inadequacy generalization the facts. 


THE REPRESENTATION MOVEMENTS AND 
THEORY. 


The representation are considering one movements and not one 
parts. Jackson pointed out, the cerebral cortex represents sensori- 
motor processes and nothing else. other words, the 
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nervous substrata processes are localized the cortex, and not the per- 
forming parts themselves. Yet customary speak representation 
parts the cortex, and provided that this usage not literally intended 
convenient and lends itself economy expression. Nevertheless, 
clear from much current writing the subject that the representa- 
tion parts literally intended. Thus Woolsey, Marshall and Bard (1942) 
protest against the notion exclusive representation functions 
the cortex: notion they erroneously attribute Head its original 
proposer, and believe that dermatomes are represented the cortex. 
representation muscles also assumed Fulton (1938) and Foerster 
hold this view: if, for example, hold that the hand 
represented the motor have next state what precisely 
this structure thus represented. Surely, not any one, all, its com- 
ponent tissues, for, apart from its functions motile part, the cortex 
may said not interested the the motor performance 
the hand that relevant. the cortex represents performances 
and not performing parts. 

That muscles are not therein represented illustrated daily every 
case residual hemiparesis, where may see the extensors the wrist 
“paralysed” prime movers attempted voluntary extension the 
wrist, but powerfully active synergists every forceful grasping move- 
ment the fist. Were direct representation muscles question this 
familiar clinical phenomenon could not before proceeding 
discuss Jackson’s hypothesis some closer definition the terms 
and “representation” may useful. Both are current use 
physiological and clinical neurological literature. Yet clear that the 
process referred these terms may thought under different aspects 
and may thus come mean different things different men, according 
the method approach question. 

The early experimental workers the cortex considered the functions 
the excitable region terms visible motor performance, and this 
still the aspect these functions that presents itself the clinical observer. 
The movements may those evoked electrical stimulation, the 
action disease processes the cortex, they may the normal volun- 
tary movements. From the study the two former and their correlation 
with experimental excitation local lesions the cortex, has been 
possible localize the nervous mechanisms involved any given move- 
ment, and thus such movement came spoken localized 
represented some point the motor cortex. was further possible 
anatomo-clinical correlations this order, and also experimental stimu- 


lation the cortex, formulate general principles the plan this 
representation, and the mode which the cortex initiates movements. 

The word “representation” thus used general term for all those 
processes the cortex which these visible results are brought about, 
and this method direct observation does not concern itself with the 
analysis these processes, e.g. conduction the neurone 
synaptic junctions, the physical bases facilitation, excitation, 
and the term thus employed subsumes all these pro- 
cesses. the physiologist intent upon their analysis, this usage answers 
none his questions, but there reason why should expect 
so. The analysis cortical function terms conduction, facilita- 
tion, inhibition, &c., deals with another aspect the problem; aspect 
complementary that revealed the method direct observation. Not 
unnaturally, however, these two methods approach tend have their 
own special languages, and therefore essential this attempted 
synthesis that Jackson’s hypothesis should expounded idiom intel- 
ligible the reader. This somewhat lengthy digression dictated 
the objection that Jackson’s use the term “representation” has 
meaning for the modern experimental student motor cortical functions, 
and the desire show that these two methods approach, the clinical 
and the electro-physiological are equal validity, and that each reveals 
one aspect reality, or, other words, that the two describe one series 
happenings two languages, neither which more scientific than 
the other. 

(a) Jackson’s 


this the motor cortex believed represent all the movements 
which the individual capable initiating, view that implies distinct 
and separate representation for each the almost innumerable purposive 
movements the individual acquires during the course life, however little 
one these may differ from another. Put another way, may say 
that there pattern excitation for each movement. follows that 
the leading motile parts: that is, those having the most numerous and the 
most varied movements, must have the most extensive representation 
respect these movements, while parts that have the fewest distinct move- 
ments (e.g. the thoracic cage) will need respect them correspondingly 


The most concise and detailed exposition this hypothesis found 
Jackson’s paper entitled “Some Implications Dissolution the Nervous 
System” (“Selected Writings,” Vol. 29). contains conclusive arguments against 
(i) representation muscles the cortex, and (ii) the then—and still—current 
doctrine punctate localization the cortex. 
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limited representation. order importance, Jackson names the leading 
parts the thumb and index finger, the lower part the face and the 
foot. The extensive representation that the movements these call for; 
the very numerous patterns excitation that underlie them, necessarily 
involve correspondingly extensive anatomical substrata: nerve cells and 
fibres and their connections—or Jackson naively expresses the 
language seventy years ago, “the more movements the more gray matter,” 
though the position not, course, quite simple this expression 
suggests. Nevertheless, this spatial extension representing structures 
the cortex calls for and obtains greater degree functional interrelation- 
Jackson puts it, “increasing differentiation attended followed 
more complete 

How far-reaching this integration must be, Jackson exemplified the 
act lifting heavy object with the hand. When this act opens, the 
muscles moving hand and digits not spring into activity the sole 
operative elements otherwise quiescent musculature. The entire 
musculature rapidly drawn into this act. The fingers and hand move into 
the posture appropriate for grasping the object, the wrist fixes the hand, 
the arm directs the object, and turn the muscles shoulder, trunk 
and lower limbs brace the frame that the object may lifted. 
this complex act, movement proceeds, Jackson’s words, from the most 
voluntary the most automatic. probably the movements hand 
and digits only that engage the conscious attention the actor—they are 
the most “voluntary” movements—those occurring shoulder and 
trunk and lower limbs not engage the attention—they are the most 
and the least variable. Therefore this act involves the closest 
interrelationships between all parts the motor cortex; relationships that 
Jackson believes incompatible with the conception “abrupt” and 
merely contiguous localizations movements. Thus says, “since the 
movements the thumb and fingers could scarcely developed for any 
useful purpose without fixation the wrist (and parts further and fur- 
ther automaticity according the force required), should priori 
sure that the centre discharged, although might represent movements 
which the thumb had the leading part, must represent also certain 
other movements the forearm, upper arm, &c., which serve subordi- 
(“Selected Writings,” Vol. 69). 

the form “integration keeps pace with differentiation” this notion, 
expressed Sherrington’s classic book, “The Integrative Action the Nervous 
System” has taken its place amongst the axioms physiology, and therefore 


act historical justice record that was introduced into physiology 
Jackson who, turn, took from Herbert Spencer’s “Psychology.” 


Hence, the “hand area,” for example, not merely the cortical region 
which movements the hand alone are represented, but one which 
the movements represented are mainly and predominantly those the 
hand. Conversely, this area not the sole region representation hand 
movements, for these are represented subordinately throughout the motor 
cortex, the so-called “hand being simply the “yellow their 
representation. Thus the motor cortex of, not 
mosaic abrupt localizations, but complex pattern overlapping 
and graded representations. Jackson maintained that only the 
basis such mode representation that can account for (i) the tran- 
sience and narrow incidence paralysis following local destroying lesions 
the cortex and (ii) the widespread distribution convulsion from local 
stimulating lesions. 

After local destroying lesion, the functions the destroyed part are 
not “taken over” other parts, and compensation never absolutely 
complete (Jackson’s law but numerous and extensive 
are the representations movements given part that the loss 
virtually concealed the vast repertoire movements the cortical sub- 
strata which are left intact. Thus, while routine clinical examination 
may fail reveal deficit movement such part the hand and 
digits, the patient himself may yet remain aware permanent impover- 
ishment his range movements, revealed him when tries 
write play musical instrument. 

the other hand, such plan representation necessarily involves 
that stimulating lesion the cortex will release widespread 
even without there being any considerable necessary spread the 
excitatory process throughout the cortex. The two following citations 
summarize views: “It obvious that the larger quantity 
grey matter representing numerous different movements must made 
differs from all others, must have far special representation the 


nervous centres. Greater differentiation function implies 


physical separation, however little different the movement may from 
other movements, and however much may re-co-ordination 
other movements. far there degree independence movement. 
far there must degree separateness representation different 
cells the nervous centres. And yet, course, the separation not 
the contrary, the greater the differentiation. the more com- 
plete the integration the different elements, for they have act together 


succession any part, especially such one the hand. repre- 
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sented innumerable places” (“Selected Writings,” Vol. 263), and 
again, “if any one part the brain this region (cortex) destroyed, 
there obvious loss movements, because the movements repre- 
sented are still represented each neighbouring part, although 
different degrees and orders. But for this very reason, any one part 
strongly discharged, vast numbers movements are developed” 
cit., 115). 

first sight such hypothesis appears remote from anything that can 
inferred from cortical stimulation experiments. are thought 
(Fulton, 1938) reveal mosaic circumscribed foci” each subserving 
small physiological unit hypothesis postulates 
fabric interwoven and graded representations. 

other terms, according Jackson, the cortical mechanism respon- 
sible for initiating the movements given part, such the hand and 
digits, not one part mosaic within which all the movements that 
part are localized. The plan one which these movements are very 
widely localized. All normal movements necessarily involve wide fields 
muscles, and normal movements are narrowly confined the 
muscles single part. every normal movement-complex some one 
part the leading part—the predominant component—and there are 
numerous subordinate components. There must therefore infinite 
number patterns movement—and underlying them, patterns 
excitation the cortex. These patterns are spread out widely throughout 
the motor cortex and they overlap widely. 


(b) The Punctate Localization Theory. 


The notion the motor cortex simple “mosaic,” each item 
which contains the nervous mechanism subserving single restricted 
movement, has already been referred to. This was the notion the original 
pioneers experimental cortical stimulation, and those who hold any 
doctrine localization function within the cortex has never been 
explicitly rejected, may see from the writings Leyton and Sher- 
rington (1917), Fulton (1938), and Dusser Barenne (1934). Nevertheless, 
the phenomena cortical instability discovered Graham Brown and 
Sherrington have rendered difficult acceptance its original form. 
The facts facilitation, deviation and reversal response and that 
extinction response have been exemplified and discussed Graham 
Brown (1915. Sherrington and Graham Brown (1912) and 
Leyton and Sherrington and the following brief summary may 
given here. 


and Heidenhain (1881) first noted that the electrical stimulation 
cortical point brief intervals led increase the motor response 
evocable from that point, and they also noted another fact interest 
that has, shall see, its counterpart the phenomena the Jacksonian 
fit—namely, that antecedent cutaneous stimulation the limb respond- 
ing cortical stimulation augments the response. (cited 
Schafer, 1900) made similar observation. Studies Graham Brown 
(1915, c), Graham Brown and Sherrington (1912), and Leyton and 
Sherrington (1917) have shown that liminal stimulus second duration, 
repeated second intervals, increases the excitability the point stimu- 
lated, and also that adjacent cortical points (secondary facilitation). 
This facilitation may show itself the appearance response from 
point not previously yielding one, augmented response from 
previously active point. 

This procedure may also lead the 
response previously obtained from adjacent that subject 
recurrent stimulation. The following striking deviation phenomenon 
may cited from the paper Leyton and Sherrington, and shows how 
widely this change cortical excitability may spread. chimpanzee 
the following was noted. The lower limit hand area was determined, 
care being taken avoid far possible deviation response near 
precurrent stimulation adjacent points. Similarly the upper limit 


angle mouth was delimited. Then the lower limit hand area 


obtained stimulation serial succession number points descend- 
ing order from upper part arm downward. The lower border hand 
area thus examined trespassed into face area according the upper 
limit the latter demarcated previously Conversely, deter- 
mining the upper limit angle mouth area following that area 
upwards along series points stimulated turn, the upper limit 
trespassed over into hand area.” 

Comparable examples are given this paper 
movements may evoked from cortical points previously yielding other 
movements. Also, complete reversal response may evoked (Graham 
Brown and Sherrington, 1912). 

These facilitation phenomena are most readily demonstrated within 
given functional area, e.g. within “hand” “leg” areas, and less easily 
from one such area another, but even these functional boundaries may 
transgressed, the example cited above clearly shows. Another feature 
cortical instability has recently been revealed Dusser Barenne and 
McCulloch 1939) under the name “extinction.” Here, when 
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initial stimulus cortical point repeated after interval one 
more seconds (according certain factors stimulation strength, 
duration, &c., and degree anzthesia employed) the second stimulus may 
evoke diminished response there may complete extinction res- 
ponse. There may also interplay facilitation and extinction 
according certain variable factors procedure. 

Still more Dusser Barenne, Garol and McCulloch (1941) 
have recorded series observations the motor and sensory cortex 
the chimpanzee that may lead considerable modification our views 
the topography and organization these functional regions, further 
investigation confirms them. They claim that under the influence 


CONTRALATERAL 


Fic, cortex the chimpanzee. The regions from which, under facili- 
tation, movements were evoked are indicated initial letters which correspond 
the names listed below the figure. The four “suppressor bands” are indicated 
four cross-hatched strips, two anterior and two posterior the fissure Rolando 
(Dusser Barenne, Garol and McCulloch, 1941, 295). 


secondary facilitation, motor responses may obtained from 
area cortex, both pre- and post-central than that indicated the. work 
Leyton and Sherrington; fact from the entire “sensory cortex” 
revealed the strychninization method Dusser Barenne. Further, 
bounding this area anteriorly and posteriorly, and also within it, they 
report the presence four zones cortex, running coronally from vertex 
laterally across the cortex, stimulation which inhibits the normal elec- 
trical activity the cortex and also inhibits the appearance motor 
responses from normally excitable areas. These findings probably are 
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relevant certain points discussed this paper, e.g. the sudden loss 
power limb limb segment certain Jacksonian attacks, but they 
not bear, far can seen, the general principles cortical 
localization movements formulated Jackson. 

Summing the results experimental observation 
stimulation find they come naturally under two headings: (i) electrical 
stimulation appears “sample” the motor cortex, revealing “fragmentary 
but not clearly revealing the general design the cortical 
representation movements. The method which these items move- 
ment are evoked remote from anything normally obtaining that 
cannot even sure that what see are truth normal components— 
physiological units—of cortical function. generally assumed 
that are dealing with true units function, not materially changed from 
the normal despite the abnormality the method which they are pro- 
duced. would reasonable regard the more complex phenomena 
Jacksonian convulsion something “normal” evoked the experi- 
mental hand disease, yet. Jackson has pointed out, such convulsion 
gross disorder co-ordination time. That the item movement 
evoked brief electrical stimulus the cortex shows, invariably 
does, reciprocal innervation, indicates that some degree co-ordinated 
activity has been revealed, but that are looking normal unit 
function, normally laid down such the cortex, cannot sure. 
Nevertheless this foundation “discrete representation small 
local items movement, each highly co-ordinated with others yet 
separately elicitable” that Leyton and Sherrington develop their view 
the function the motor They believe that “the individual 
movements, elicited somewhat minutely localized stimulations, are, 
broadly speaking, fractional, the sense that each, though co-ordinately 
executed, forms, speak, but unitary part some more complex act, 
that would, attain its involve combinations that unitary 
movement with others make useful whole.” and “the multiform 
combinations which these (units) assume under cortical reaction and the 
rich mutual associations the motor points which the physio- 
logical phenomena “facilitation” and “deviation response reveal” 
indicate that building these units main cortical function. 

This hypothesis, however, rather complicated than completed 
the presence the two last-named phenomena. That they bespeak 
instability the cortex: capacity for reacting experience. other 
terms. perhaps clear, but what not clear precisely how facilitation 
and deviation—occurring the background punctate localization 
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units movement, contribute the synthesis movements which 
the main cortical function. That there some obscurity about this 
revealed the further statement that the fixity motor localizations 
indicated their charts “is regards some extent probably 
temporary one, i.e. obtained the time observation, but our opinion 
might not precisely the same were examination possible number 
different times and number different experiments the motor 
cortex labile organ.” would seem, therefore, that the apparent 
shifting the localization units movement from point point 
involved deviation not really accounted for, and this evident 
observation Dusser Barenne (1933) which says that “even for 
the electrically excitable cortex itself there evidence present that the 
relations between the foci and the striped peripheral musculature are 
means fixed and rigid the classic localization theory asserts. These 
relations are the contrary rather loose, being easily disturbed and 
broken down.” 

There prevailing element the negative these two last con- 
clusions, and imporant realize what they imply: they imply that 
there are really fixed foci localization, even units movement, 
the that cortical point that given moment represents (con- 
tains the pattern excitation of) given movement, may another 
moment represent different movement; and that but one movement 
represented given point given moment. other words, the 
anatomical and physiological nervous substrata given movement differ 
from moment moment. this hypothesis more can said the 
significance facilitation and deviation than that, Dusser Barenne 
remarks, they break down the relations between cortical foci 
musculature. But say this not define their function, plainly 
confess this function undiscovered. 

the most recent review cortical motor function, Hines (1943) 
provides admirable summary and critique the vast mass facts 
that experimental work has provided this subject, but these difficulties 
are not discussed and Jackson’s hypothesis finds mention. seems, 
adapt Jackson’s aphorism, that our knowledge has achieved high 
degree differentiation but yet awaits integration. 

the light Jackson’s hypothesis, submitted, this integration has 
long been possible. Perhaps the pith his contribution his realization 
that the notion the localization single unit movement single 
cortical point not accord with the facts clinical and experimental 
observation, and that there more, physiologically considered, than 


single movement single point. This conclusion indeed implicit 
the facts observation, but appears have escaped notice all but 
Jackson. 

Once accepted, however, the difficulties and inadequacy the 
punctate localization theory vanish, and the phenomena facilitation 
and deviation assume greater significance necessary and integral 
factors ordered plan representation. For, Jackson’s hypothesis, 
see that the variations motor response given cortical point—on 
electrical stimulation—from moment moment longer require 
suppose that localizations change space the improbable manner 
hitherto assumed, but are fully accounted for changes the relative 
thresholds excitability the different patterns excitation (different 
representations) localized given cortical point, under the influence 


facilitation. 


(c) Clinical and Experimental Hypotheses Synthesized. 


may now return hypothesis the attempt correlate 
with the facts experimental observation. The view that, for example, 
thumb-index movements are widely represented throughout the motor 
cortex, but maximally represented focus within their wide field 
representation implies that this focus thumb-index movements are more 
abundantly represented than are other movements: the mediation 
thumb-index movements the principal function this focus. That 
say, that this point there grading localizations, and that thumb- 
index movements have the lowest threshold excitability—or that theirs 
the predominant pattern excitation—and they appear therefore 
the primary movements brief electrical stimulation. Nevertheless, the 
fact that even these circumstances, secondary, tertiary and even quater- 
nary movements may follow the primary movements sequence, strongly 
suggests the presence that point multiple representations varying 
thresholds. There other evidence this effect. long ago 1883, 
Unverricht (cited Schafer, 1900) noted that the isolation cortical 
point cutting round did not prevent the spread epileptiform 
convulsion evoked electrical stimulation that point, and also that 
division the corpus callosum did not prevent this spread from involving 
the muscles the opposite half the body. The second these obser- 
vations accord with Jackson’s earlier expressed view that 
from single motor cortex may evoke bilateral convulsions, while the 
first observation has been recently rediscovered Dusser Barenne 
and Marshall (1931) and adds significant support Jackson’s hypothesis. 
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the latter observers, cortical point was isolated from the surrounding 
motor cortex the injection all round novocain. Prior this 
injection the point yielded isolated finger flexion. Subsequent it, the 
point yielded not only augmented flexion, but also spread motor 
responses other joints the same limb and even other limbs. This 
finding seems indicate that facilitation—induced, they suppose, 
isolation—allowed stimulation reveal the point’s whole repertoire 
motor representations. 

must conclude, therefore, that, Horsley has emphasized (1909) 
all that brief threshold electrical stimulation cortical point does 
sample the point, and not reveal its full physiological possibilities, 
and must abandon the assumption that this sampling can made the 
direct and unqualified basis theory the mode cortical representa- 
tion movements. 

Jackson’s hypothesis that what the motor cortex represents are the 
normal movements the individual, see them under normal con- 
ditions. the case what calls the leading parts, e.g. the hand, with 
their great repertoire complex movements and the widespread subor- 
dinate movements normally and necessarily associated with them as, 
his phraseology, automatic components, extensive fields cortex 
are involved, and these fields overlap and are, were, inter- 
woven interrelated. Within such field, there focus which hand 
movements are more numerously localized than other movements, the 
patterns excitation laid down the long process the learning 
purposive movements are here mainly those concerned with hand move- 
ments. The function this focus predominantly, but not exclusively, 
initiate hand movements, and these are the primary movements revealed 
the “sampling” the electrical stimulus, and the movements first 
activated normal conditions cortical activity. 

But since parts other patterns excitation are also present here, 
get secondary and tertiary responses electrical stimulation, move- 
ments other parts, those normally associated with hand movements. 

pass from this focus reach regions cortex which the 
foci movements other leading parts are situated. That is, any 
given point the motor cortex the neurones form the substrata 
ous patterns excitation, but one pattern predominates and the first 
“fired off” appropriate stimulation. now, appropriate ante- 
cedent local stimulation, the focus thumb-index movements facilitated 
(by lowering their threshold excitability), corresponding depression 
the other patterns excitation there must ensue, and 


the area over which thumb-index movements will evoked will increase 
extent. movements will now appear primary move- 
ments points from which prior facilitation other movements were 
evoked primary movements. Yet what has happened not, the 
punctate theory supposes, that the relation between cortical focus and 
peripheral muscles has been “broken down,” but that the relative threshold 
values the different patterns have changed. short, the localization 
(representation) movements the cortex does not change spatially, 
deviation 

While aware the false air clarity that graphic expression may 
lead obscure erroneous notions, may risk attempt portray 
these considerations diagram, which seeks correlate Jackson’s 
conception the cortical representation movements with the pheno- 
mena facilitation and deviation response (fig. 2). 

accept this scheme adequately expressing the action 
facilitation, acting the background the plan localization move- 
ments postulated Jackson, follows that deviation response is, not 
phenomenon the same category facilitation, fundamental neural 
process, but simply one three possible consequences facilitation. 
The other two being augmentation and reversal response (the latter 
being variant deviation). 

therefore remains consider what role facilitation plays the 
co-ordination movements, and this requires that shall discuss yet 
another aspect Jackson’s hypothesis, one not yet referred to; namely, 
his differentiation co-ordination into two elements: spatial and temporal. 
There are reasons for suggesting that these should thought separately 
even though fact they are inseparable. The plan representation 
already considered provides the anatomical substratum co-ordination 
space. Co-ordination time deals with what calls the “order 


this connection interesting study Penfield and Boldrey’s (1937) fig. 25, 
which reveals that all the movements evoked them were obtainable over far 
wider fields than are allotted them cortical charts 
fact, all the fields allotted “parts” overlap widely. the other hand, their 
“homunculus” portrays state affairs that must find difficult accept 
representing anything obtaining the cortex, for while the thumb has 
very extensive representation, the representation the index very small—being 
equal that the little finger only. The wrist also has very small representation. 
Yet, have seen, these three parts are almost invariably action together, and 
difficult accept gross discrepancy between the functional importance 
the thumb and that the index this figure proposes. Leyton and Sherrington 
did not find anthropoids. 
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EXCITABILITY 


EXCITABILITY 


Fic. 2.—The base line represents the surface the motor cortex from midline 
(A) fissure Sylvius The figure TI, embraces the field repre- 
sentation thumb-index movements, with its focus from which thumb-index move- 
ments are obtained stimulation primary movements at, and immediately 
surrounding (vertical shading) TI. this total field followed its extremes 
and the representation thumb-index movements becomes progressively less 
the dominant representation the cortex. and represent the 
corresponding fields, with their foci, wrist and angle-of-mouth movements res- 
pectively. 

From along the base line (cortical surface) have the so-called “wrist 
area,” from the “thumb-index area” and from the “angle mouth 
vertical interrupted lines mark the limits these “areas.” 

Excitability represented the ordinates. 

Fig. represents resting state cortical activity, while represents the state 
affairs after thumb-index movements have been “facilitated” antecedent 
stimulation the “thumb-index area.” these circumstances, the total represen- 
tation thumb-index and the other movements remains unchanged, but facili- 
tation has enlarged the cortical area from which thumb-index movements are now 
elicited primary threshold stimulation, making this encroach upon the 
adjacent wrist and angle mouth “areas.” The cortical regions from now 
vields thumb-index movements and forms zone which there has been deviation 
response, and the same applies the zone 3’. 

other words, the initial “thumb-index area” now surrounded what 
may call inhibitory fringe for wrist and angle mouth movements. 

Yet the total fields representation have not changed, all that has changed 
has been the threshold excitability for these three groups movements. 
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action” movements: that the sequence movements seen when such 
motile part the upper limb action. have already discussed 
this order when described the act lifting heavy 
relatively fixed, the leading parts: that those having the greatest number 
different movements the greatest number times, coming into 
action first, followed more automatic movements proximal parts 
the inverse order their automaticity. The hand and digits are the 
leading parts this instance. Thus, representation movements may 
said have anatomical and physiological aspects: the cortical field and 
the order action respectively. seems reasonable infer that facili- 
tation—in virtue its role effecting augmentation, deviation and 
reversal, motor response, primary factor determining this order 
action—in determining co-ordination time. Under normal con- 
ditions activity the excitable motor cortex activated higher level 
(Jackson’s highest level) mechanisms the frontal lobe, and facilitation 
probably process fundamental importance this activation. That 
co-ordination time not merely abstraction having physiological 
referent, may see, Jackson pointed out, the behaviour the con- 
vulsion beginning unilaterally. this have, not normal sequence 
movements, but simultaneous “contention,” “clotted mass” move- 
ments that should follow sequence. Thus convulsion may rightly 

One other aspect the punctate localization theory may now dis- 
cussed; namely, the notion that co-ordination space, the building 
movement-complex, normally occurs simple summation units 
movement. accept Jackson’s view that each normal acquired move- 
ment pattern has its own special representation, seems unnecessary 
suppose that this building from elementary units occurs every 
possible performance such movement, though the formation 
new movements some such process may occur. already pointed out, 
have conclusive proof that the items movement evoked brief 
liminal electrical stimuli are true physiological units function, and 
therefore clear grounds for supposing that the excitable motor cortex 
more than vast storehouse—or keyboard, vary the analogy—of 
hypothetical units movement. 

indeed, all that happens when carry out some complex skilled 
movement the hand that this built hoc from unit compon- 
ents, what does the learning such movement really 
must involve the laying down the motor cortex some permanent 
trace, some more less persisting modification the physiological 
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substrata movements, and this merely another way saying that the 
movement fact represented the cortex its natural and complete 
form. 

seems probable, therefore, that, Jackson supposed, such group 
highly complex movements those engaged articulate speech are 
fact represented such the motor cortex. Theoretically, the matter 
may looked either two ways: the cortex represents only 
elementary units movement, then purposive movement 
complex results from up” units. If, the other hand, 
suppose such movement-complexes laid down such the cortex, 
then the item movement evoke brief electrical stimulus results 
from “breaking up” this representation. There something 
said for regarding the latter sequence the more consonant with cortical 
function. This involves brief reference Jackson’s well-known theory 
evolution function the nervous system, and some consideration 
what implied the term “integration.” 

Jackson’s three functional levels suppose re-arrangement the 
nervous control movement each succeeding level. the lowest 
level, have “centre” which lie the anatomical physiological 
substrata few movements restricted part. the middle level 
(which identifies with the motor cortex), unit function contains 
the substrata more complex series movements wider field 
musculature, while the highest level, each unit concerned with 
group highly specialized movements still larger muscular field. 
Further, rise from level level, find not only the greater differen- 
tiation function outlined, but corresponding increase interrelation- 
ship between the units the level. other words, integration keeps pace 
with differentiation. not here possible discuss detail the clinical 
facts observation that support this notion, for this the reader must 
referred Jackson’s papers the evolution and dissolution function 
the nervous system. Perhaps the simplest way exemplifying the 
differences between, let say, the middle and highest levels, consider 
the results destroying lesions. Hemiplegia the characteristic expres- 
sion middle level “paralysis,” while aphasia, the loss highly complex 
category movements with the preservation the action the muscles 
involved when simpler movements are question, one expression 
highest level Possibly, the immobility and lack motor 
initiative some cases frontal lobe lesion may express another form 
paralysis the highest level. Here have diminution activity 
the entire musculature for the most highly complex actions. 


not harmony with such plan physiological now 
suppose that what localized functional unit the motor cortex 
more than minute item movement, involving minimal field 
muscles. This would reduce the cortex the level spinal reflex 
centre and deny integrative function. 

Turning now the effect destroying lesions, far these throw 
light upon the plan cortical motor representation, find that both 
man and experimental animals there considerable and rapid 
restoration motor function after local cortical lesions, but that this 
restoration not complete. For example, Bard (1938) finds that hopping 
and placing reactions are permanently lost after 
local ablations. other words, compensation not absolute. Neverthe- 
less, the basis the punctate localization theory virtually impos- 
sible account for any restoration all. If, for example, the movements 
the chimpanzee’s hand are really wholly and exclusively represented 
the “area” apportioned them physiologists, how can there any 
restoration motor function after excision this repre- 
senting part? This restoration only accounted for such plan 
fields representation Jackson has postulated. Ablation the 
“hand area” can more than the ablation the focus hand move- 
ment representations, ablation still leaving intact numerous subordinate 
representations. These rapidly become called substitute for the 
movements lost, and point they so. Clinical experience shows 
clearly that this precisely the state affairs man after local cortical 
lesions. The finest movements leading parts are lost, but many simpler 
movements these parts remain. short, the effects destroying 
lesions themselves provide cogent evidence support Jackson’s 
view and reveal the inadequacy the punctate localization theory. 

conclusion, difficult see, the experimental evidence avail- 
able us, what other mode representation than that proposed 
Jackson can obtain the motor cortex. Moving parts must, respect 
their numerous and varied movements, have wide representations, and 
cortical points contain multiple representations. Even the unphysiological 
stimulus brief liminal faradization commonly evokes not only 
primary movement, but also secondary movements 
sequence. Leyton and Sherrington’s list over 500 recorded move- 
ments evoked this way, are struck the frequency with which 
primary thumb and index movements are followed secondary wrist 
movements, and primary wrist secondary digit movements. These 
findings surely reveal the presence multiple representations given 
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cortical point, and their possession different levels excitability. 
probable that still lingering tendency think representation 
muscles rather than movements the cortex some measure 
responsible for the continued acceptance the punctate localization theory. 
Jackson himself said that “the distinction between muscles and movements 
exceedingly important all over the field neurology. think the current 
doctrine ‘abrupt’ localizations would not much favour 
were made” (loc. cit., Vol. 421). 

therefore submitted that 1870 experimental studies confirmed 
and amplified the fact cortical representation movements 
inferred Jackson from clinical observation, so, later, the experiments 
Sherrington and his co-workers have confirmed the validity his infer- 
ences the mode the representation. Widely the methods 
approach and the terminologies employed have differed, the facts are 
capable harmonious synthesis. 


CONVULSIONS BEGINNING UNILATERALLY. 


The many detailed descriptions the different varieties Jacksonian 
fit that are found the writings Jackson, Gowers (1874), Mercier 
(1881) and others during the period beginning about 1870 the 
intense clinical and physiological interest these phenomena excited that 
time, and the high level clinical observation that characterized the 
neurology the day, and make its literature refreshing contrast 
much current clinical writing. Indeed, these pioneer observers left 
but little new said this recent paper Gordon Holmes 
(1927) has given interesting general account Jacksonian fits, and has 
raised some important points which subsequent reference will made. 

this paper are concerned solely with that variant Jacksonian 
fit that arises the motor cortex, the “convulsion beginning unilaterally” 
Jackson’s nomenclature, and summary its main features may 
given. For this purpose convenient employ Mercier’s (1881) scheme 
the musculature. divides the muscles into series: one series for 
each limb, one for the head and neck and one for the trunk. limb series 
stretches from the apex the limb its base; the highest members being 
the free extremity, the lowest the base the limb. the upper 
limb for example, the highest members the series are once the 
smallest muscles, and those having the most numerous and most special 
movements, i.e. the most varied ones. the other hand, the lowest 
members the series the base the limb are once the largest 
muscles and have the simplest and the smallest range separate move- 


ments. the head and neck, the muscles the eyelids and those round 
the mouth are the highest the series, those the neck the lowest. The 
lowest members all the series are the muscles most often employed 
bilateral movements. may now consider seriatim the various aspects 
the convulsion (cf. Mercier, cit.). 

(1) Focus the though not without exceptions, that 
the fit begins the highest members series. Thus convulsions begin- 
ning unilaterally almost always start from one three foci: thumb and 
index, angle mouth, great toe, this order frequency. Rarely, 
focal convulsion may start the lowest members series, e.g. the 
muscles the base limb, but convulsion starting any intermediate 
situation extreme rarity. 

the highest members the series; i.e. the apex the limb, tends 
“march” centripetally the base the limb, that the lowest members 
the series. The spread compound spread, i.e. spread both inten- 
sity and extension. not mere passage convulsion the limb 
which all the muscles become equally involved, which convulsion 
ceases the highest members the series those lower the series 
become involved. That say, the muscles first convulsed become 
more severely the spasm spreads those lower the series. Thus, 
the case the upper limb there (i) spasm muscles thumb and index; 
(ii) more severe spasm these muscles and spasm muscles moving the 
remaining more severe spasm the two groups already named, 
and spasm in-some muscles moving the wrist: (iv) the increases 
the muscles already involved muscles moving the wrist enter 
spasm and some moving the elbow. Thus, step step the convulsion 
reaches the lowest members the series, the muscles moving the shoulder. 

The next step, spread continues, the entry into convulsion 
muscles other series. Thus, the case already cited, the muscles 
the hand and neck, those the leg may become involved. 

the rule, again with exceptions, that when convulsion passes from the 
first series—in which has spread centripetally from the apex—to second 
further series, begins the lowest members the new series. Thus 
the passage convulsion from leg arm, the muscles moving the 
shoulder enter into spasm first, spread then occurring centrifugally the 
apex the limb. order further spread becomes increasingly 
difficult detect because becomes increasingly rapid and 
convulse the muscles the series later involved almost simultaneously. 
The order spread follows: unilateral muscles side onset, 
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bilaterally acting muscles (chest and sometimes trunk) both sides, 
unilaterally acting muscles crossed side. detail, the following the 
sequence given Jackson, the case convulsion beginning the 
(i) Arm, thumb and index fingers and forearm, upper arm; (ii) face, cheek 
drawn up, eyes deviated, head deviated; (iii) leg, thigh, leg, foot and toes; 
(iv) bilaterally acting muscles, temporals and masseters (clenching jaw), 
thoracic and abdominal muscles; and (v) unilaterally acting muscles 
crossed side; the sequence here may difficult follow, but arm probably 
enters into spasm before leg, the spasm more nearly contemporaneous, 
shorter duration and tends tonic. 

(3) Attitude assumed convulsed virtually all cases the 
limb series initially involved flexor, that attitude flexion 
taken up, sometimes the case the arm with abduction and elevation. 

Holmes records that forced passive extension the arm these circum- 
stances may change the clonic spasm over the limb extensors, the pro- 
cess involved may—it suggested—be akin that described Magnus 
under the name “Schaltung.” 

The extent the may remain restricted the 
muscles initially involved, may spread and remain within the limb 
series. other cases all degrees spread until the convulsion becomes 
generalized are met. 

(5) The rapidity spread farthest that 
spread most rapidly, and there also tendency for fits which the 
clonic convulsions have the fastest rhythm spread farthest and 
There unbroken series grades convulsions from those shat 
remain confined the focus onset, have the slowest rhythm and least 
intensity convulsive movements, and last longest, those that spread 
far and rapidly that the convulsion appears become universal 
almost once. Fits all these grades may seen the same individual 
different occasions, that one occasion has unequivocally 
focal “Jacksonian” fit, and another generalized fit—with loss 

consciousness—that can itself distinguished from fit 

“idiopathic epilepsy” (cf. Cases and Appendix). this connection, 

deliberate march the spasm may three four seconds spreading from 

muscles the highest order those the lowest, and seven eight 

becoming universal. rapid fits, which the convulsion appears 
universal from the very outset, may impossible determine the 

point origin except inferentially observing the part most affected. 

Fits deliberate march are usually due gross disease brain 


and may even said with some approach accuracy that the coarser 
the structural alteration, the more deliberate the march. Thus the con- 
vulsion whose outset slowest all are those arising from tumours 
the brain.” 

(6) Duration fits that remain restricted the small 
group muscles which they arise, e.g. thumb and index muscles, tend 
last the longest, and such attack may last for many minutes even 
for considerable fraction hour. The faster and the farther fit 
spreads, the shorter usually its duration. 

(7) The quality the convulsion, i.e. whether the spasm tonic 
clonic. generally regarded characteristic the Jacksonian con- 
vulsion that clonic, but most have recorded the fact that 
may tonic first, and for few seconds, then becoming 
general may said that the convulsion that remains restricted) 
narrow field musculature and prolonged tends clonic from the 
outset, but the rapidly spreading convulsion may tonic for few 
moments before the spasm begins intermit, i.e. become 

(8) Affection convulsion that remains restricted 
single series the higher members series, not attended 
any alteration consciousness. Consciousness lost spreading con- 
vulsions, and stage which varies directly with the rapidity the 
spread. Thus rapid spread, consciousness may lost when con- 
vulsion starting the hand and subsequently involving head 
enters the lowest members the leg series. more slowly spreading 
attacks, consciousness may not lost until the bilateral muscles both 
sides become involved (e.g. trunk yet others, consciousness 
lost the crossed limbs enter convulsion. 

(9) The influence peripheral stimuli the convulsion beginning 
the most interesting phenomena the Jacksonian 
convulsion, and one very early recognized, the influence peripheral 
stimuli applied the part convulsed. less widely recognized that 
this influence may the direction (a) increasing, well (b) 
diminishing abolishing the convulsion. one his early papers (1870, 

Penfield and Erickson (1941) state that convulsion arising the cortex 
clonic, and that tonic phase added when the subcortical grey matter becomes 
involved. Yet this can hardly the case, either for convulsions beginning unilater- 
ally for those that are generalized from the start and show initial loss 
consciousness (idiopathic epilepsy). For the former, tonic spasm not rarely 
precedes clonic, and the latter invariably does so, and from these facts should 


have assume—according these authors—that all such fits arise subcortical 
grey matter, the cortex being only secondarily 
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Study Convulsions”) Jackson discussed the abolition, inhibition, 
the convulsion various forms peripheral stimulus, e.g. ligature 
applied the extremity which the convulsion was apt start, 
blister. Other modes stimulus described are violent rubbing the 
part, powerful voluntary contraction the muscles, etc. This true not 
alone Jacksonian, but also the generalized fits the so-called idio- 
pathic epilepsy. 

interesting case described Buzzard (cited Gowers, 1874) 
which Jacksonian fits, associated with tumour the cerebral hemi- 
sphere, began with the region the wrist (i.e. the 
homolateral wrist). When blister was applied this region the “aura” 
changed over the right wrist, until the blister had healed, when 
resumed its original situation. 

appears common character all these inhibiting peripheral 
stimuli that they are some duration that is, they are persistent stimuli. 

contrast these observations are those which brief recurrent 
stimuli, the part which focal convulsions arise, precipitate the attacks. 
Jackson reports instances the kind cit., pages and 7), and recently 
Gordon Holmes (1927) has stated that “many patients subject Jack- 
sonian epilepsy commencing one hand, for instance, are careful shield 
this hand from injury stimulation any kind, and they frequently 
certain cases induce typical local spasms hand foot repeated 
stimulation it. The most effective means usually long regular 
series tactile contacts with wisp cotton wool, von hairs. 
The attack induced usually commences with few clonic movements, 
curious purposeless restlessness, and may extend further the 
stimulation stopped; sometimes, however, they spread and may involve 
the whole one side the body. These movements start almost 
invariably the part that being tested.” Bubnoff and Heidenhain and 
experiments, already cited, are relevance here. 

may say that rapidly peripheral stimuli con- 
vulsing part will initiate convulsion, but will not cut short one already 
started, and that persisting cutaneous deep stimulus convulsing 
part more apt stop than start convulsion. 

one observed case (Case Appendix) the facilitating 
and the inhibiting effects peripheral stimuli were exemplified. periods 
when the patient’s attacks were arising the thumb-index, found that 
tapping his wrist his elbow against the edge the table precipitated 
attack, and also found that attack once started could often 
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cut short firmly grasping the right wrist with his left hand and main- 
taining the grasp for half minute more. Here different orders 
stimulus (in the one case recurrent brief stimuli, the other single sus- 
tained stimulus) the convulsing part showed reverse effects; facilitation 
and inhibition. 

(10) Other motor concomitants convulsion: Loss power—A 
sudden loss power part familiar feature the range Jack- 
sonian attacks. may occasion the sole manifestation, may 
precede convulsion given part, may precede convulsion 
another muscle series. Examples all these variants are illustrated 
the Appendix. yet other cases, loss power may characterize 
some fits, convulsion others. Holmes (loc. cit.) reports such case. 

(11) Sensory concomitants considerable number 
cases convulsion beginning unilaterally, there are subjective 
objective sensory concomitants the convulsed other parts, but 
not few cases the kind subjective sensory phenomena may precede 
accompany spasms loss power. These may appear the part 
weakened convulsed, some other part. Thus Jackson records 
the development sensations numbness the hand followed 
immediately clonic spasm the face. This numbness may accompany 
weakness the part affected, occur without this. 


Case already cited (Appendix) numbness and weakness the right hand 
may precede very few seconds the spasm the face, and examination 
the hand this time—made several occasions the not 
only impairment purposive movements hand and digits, but 
impairment cortical type (defective light touches, markedly 
raised threshold for compasses, impaired sense position and error projection 
finger—finger test with eyes covered). These defects, i.e. loss power and 
sensation, persisted for from two four minutes after the cessation the 
longer attacks (which endured for long five minutes under observation). 
Appreciation the pain pin prick was not impaired. 


another case (Case Appendix), one Jacksonian convulsions 
beginning the left great toe and spreading the leg, and sometimes 
the arm, the patient was subject attacks three grades severity. 


(i) The mildest attacks consisted feeling numbness the foot 
the knee, together with paresis the limb, but spasm. (ii) More severe attacks 
consisting stiffness the leg which after few seconds drew clonically, numb- 
phenomena. (iii) The most severe attacks consisted 
onset rigidity with inversion the foot and flexion the toes. Then the leg 
jerked spasmodically and powerfully. The left arm was usually unaffected, but 
some occasions went “limp” and she dropped whatever she might holding it. 
During and for time after the attack, the leg felt numb and “like piece 
strange warm flesh,” this sensation—together with paresis—lasting for long 
half hour. 
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all these attacks, therefore, even those which convulsion 
occurred, subjective numbness the affected part was present. 

(12) Residual paresis convulsed the muscles engaged 
Jacksonian convulsion subsequently show transient paralysis was 
originally recorded Todd, phenomenon accounted for Jackson 
the statement “parts the central nervous system are temporarily 
exhausted epileptic (that excessive) nervous discharges,” and 
exhaustion has since been generally accepted the explanation this 
phenomenon. Jackson further pointed out that character 
incidence, this paralysis has all the characters that resulting from 
destroying lesion the “middle level,” that is, the parts having the most 
numerous and most special movements the greatest number different 
times, the most varied uses, are those most severely affected, while 
the parts having the fewest special movements, i.e. the least 


either escape are relatively lightly affected, according the severity 


and extent the destroying lesion. Thus speaks Jacksonian 
convulsion involving the musculature one side “the mobile counter- 
part The implications this view will considered 
later chapter. 

The preceding summary embodies the main features the “convul- 
sion beginning the Jacksonian convulsion, and may now 
proceed view them the light Jackson’s hypothesis cortical 
representation, and that the experimental observations and inferences 
already described. 


The inference runs through all writing this subject that the 
“march” convulsion expresses spread excitation through the 
cortex from point point, each point successively excited discharging 
the movement represented therein. Jackson explicitly repudiated any 
such view, though admitted that spread excitation did occur the 
more widely extending convulsions. The inference that focal fit, becom- 
ing general the musculature the half the body which began, 
involves total discharge one motor cortex not one the facts allow 
make. The experiments Unverricht and Dusser Barenne 
and Marshall, already cited, make clear that spread convulsion can 
occur even though the discharge may remain restricted the original 
cortical focus—which discharges successively its content motor repre- 
sentations according their threshold excitability. Further, 
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beginning one hand and then spreading arm, leg, face and chest 
muscles produce “mobile counterpart hemiplegia” has not 
the same pattern similarly spreading fit beginning the hallux. 
The total composition the discharge may the same the two 
cases, but its pattern constitution not the same. are not dealing, 
therefore, with two total and identical discharges. 

may conclude, therefore, that spreading convulsion does not 
necessarily imply directly proportional spreading cortical excitation. 
The field convulsion (in the musculature) probably always much 
wider than the field excitation (in the motor cortex). 

fit that remains throughout restricted to, let 
muscles moving thumb and index relatively leisurely clonus 
moderate intensity and often considerable duration. has neither the 
rapidity rhythm nor the intensity convulsion that occurs these 
muscles when the convulsion spreads the limb, i.e. probably not 
total discharge all movements represented the cortical focus 
origin. 

Therefore, the compound order spread (increase intensity well 
spread incidence) not readily explicable the old punctate repre- 
sentation theory, but explicable hypothesis represen- 
tation. 

There yet another feature the Jacksonian 
explicable the punctate localization theory: namely, the fact that 
virtually every such convulsion starts from one three foci—thumb and 
index, angle mouth, great toe. There nothing the old theory 
that renders this feature explicable, yet Jackson’s hypothesis 
advanced, that the named topographical motor “areas” the familiar 
cortical map the physiologist represent more than the foci the 
main localization the movements the parts question and not their 
total field representation. virtue their vast range movements, 
Jackson’s “leading parts” have wide fields representation. other 
words, the movements these leading parts have the most extensive 
cortical foci minimal threshold excitability all movements repre- 
sented the cortex. suggested, therefore, that Jacksonian fits have 
their three characteristic onset because the movements concerned 
are those that have the widest fields low threshold excitability. 

There general assumption that when local cortical 
vokes convulsion, the focus onset the convulsion indicates that the 
lesion question necessarily lies contiguous with, the cortical 


corresponding the movements involved. Yet even cursory con- 
sideration the pathological facts forbid entertain notion 
naive. There are few known lesions small and sharply circumscribed 
make precise and exclusive localization this order possible— 
even the smallest astrocytoma always much larger than its visible 
extension, and impossible suppose that pathological lesions the 
cortex have some special affinity for the thumb-index, angle 
great toes “areas.” 

Broadly speaking probably true that lesion near the vertex 
likely fire off Jacksonian fit beginning the great toe, and one near 
the foot the convolution fire off fit beginning the 
angle the mouth, but nevertheless, nothing fortuitous the precise 
site and limits the lesion within the motor region can account for the 
prevalence the three foci onset typical Jacksonian fits. must 
therefore turn some quality inherent the mode cortical represen- 
tation for explanation the plain facts. This quality the mode 
representation embodied hypothesis.' 

minor feature Jacksonian fits remains mentioned: namely, 
that the order spread not invariably that indicated the familiar 
topographical charts the motor cortex. Thus, spread from upper limb 
face should be, this basis—as Jackson surmised—from shoulder 
orbicularis, but more commonly from shoulder angle mouth. 
Sometimes, also, the spread from foot, through leg and thigh, hand 
and not shoulder, though the latter sequence the more common. Yet 
another sequence occurs recently observed case: thus, foot, leg, 
muscles abdominal wall, angle mouth, orbicularis palpebrarum, head 
and eyes (deviation), hand, arm, shoulder—loss consciousness and 
general bilateral convulsion followed transient residual hemiparesis 
(left-sided). 

the whole attacks beginning in, and restricted the face, appear 
start orbicularis palpebrarum, and thence side cheek angle 


characteristic the fits produced the cortical venous angioma, the 
experience, that the focus onset the Jacksonian fit varies from time 
time the same patient, beginning most the hand, but sometimes 
orbicularis palpebrarum and sometimes angle mouth tongue. Again, 
for considerable periods, one focus onset prevails, giving place then for sub- 
sequent period time another focus onset. This variable feature, together 
with the recurrent development fits which generalize rapidly with loss 
consciousness that the focus onset cannot detected, submitted differ- 
ential diagnostic feature value the case cortical venous angioma. the 
case tumour, the focus onset tends remain almost quite 


mouth, tongue, jaw and neck (deviation head): that from highest 
lowest muscles the head series. Yet, Case Appendix shows, 
this focus onset not the invariable one. far they have signi- 
ficance, these deviations from the pattern the cortical chart move- 
ments associated with the punctate localization theory are less difficult 
account for hypothesis. 

Further, there another feature Jackson’s hypothesis cortical 
representation movements which reference has yet been made; 
namely, that movements both halves the body are represented the 
motor cortex each hemisphere, but that—in respect single hemi- 
sphere—the representation the movements the two sides not 
identical—and for the homolateral side not rich varied. Thus, 
for him, focal convulsion becoming universalized, yet remains dis- 
charge from single motor cortex. Unverricht’s experiment this 
regard has already been cited, yet “discharging” lesion can produce 
bilateral convulsion, follows that destroying lesion one hemisphere 
should produce more than hemiplegia: should produce loss move- 
ments both sides, though possibly less severe the homolateral side 
side lesion). Readers familiar with Gowers’ Textbook (1893) will 
recall the author’s account the impairment movements 
increase tendon reflexes invariably found the side the lesion 
very moderately severe cases hemiplegia. not exceptional 
for transient ankle clonus evocable from the side the lesion, but 
—as indicative the different quality the cortical representation 
the two sides one hemisphere—a homolateral extensor response, 
homolateral loss abdominal reflex not part this bilateral affection 
that call hemiplegia. 

Indeed, the clinician who has closely studied hemiplegia all its stages 
and grades severity, cannot escape the conclusion that there some 
measure impairment movements—in cases any severity—on the 
side the lesion. perhaps more evident trunk than limb 
muscles, fact that would accord with Jackson’s view that these are the 
muscles possessing the greatest measure bilateral representation. 

Hemiplegia commonly arises not from destroying lesion the cor- 
tical representation movements, but from one involving the efferent 
projection path—the pyramidal system—from this cortical region. Con- 
vulsion arises from lesions grey matter, hemiplegia from those white. 
The pyramidal system now known contain approximately million 
fibres, and their functional pattern must stand close relation that 
the cortical cells which they arise. Just the movements the lead- 
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ing parts require for the representation their movements 
nant part the motor cortex, also they call for proportionate quota 
the efferent pathway therefrom. partial destroying lesion 
this pathway will produce the same pattern movement disorder 
loss function this case, that stimulating lesion the motor cortex 
produces. Thus, hemiplegia have special incidence loss 
the movements the leading parts. 

may conclude, therefore, that just the behaviour Jack- 
sonian convulsion not compatible with the classic punctate (and 
unstable) localization theory, also the negative phenomena hemi- 
plegia are not less irreconcilable with this theory and require such 
mode representation Jackson postulated. 

may added that physiological literature contains many refer- 
ences epileptiform convulsions Jacksonian type evoked strong 
prolonged electrical stimulation the cortex, and within recent years 
most ingenious technical method has been devised (Fender, 1937) 
produce these convulsions will, yet none these descriptions approach 
detail precision the accounts current clinical literature, 
attempt has been made draw inferences the mode cortical repre- 
sentation from them, and hence they add nothing what may glean 
from clinical sources. 

Loss movements during and subsequent Jacksonian attacks.— 
have seen that sudden and transitory loss movement may the 
sole expression focal attack, may precede spasm the affected 
other muscles immediately following convulsion. Cases and 
the Appendix exemplify this loss movements. Jackson records 
several such cases, and Holmes has recently recorded one which some 
attacks, loss power, and others, convulsion hand and fingers 
occurred. 

this connection the transient loss speech that may precede 
Jacksonian fit developing the right face must regarded the 
category loss power. generally believed that this the only 
mode speech disorder Jacksonian fits, but two cases reported the 
Appendix make seem reasonable assume that may get convulsion 
the muscles articulation producing vocalization. Case the 
following sequence was recorded 


The fit begins sudden loss power the right hand, that drops 
what may holding. second two, during which time the hand and 
wrist numb, and then pass into clonic convulsion spreading the arm the 
shoulder, finds cannot speak and his tongue seems cur] against the 
roof his mouth. then utters sequence distinct sounds (d-d-d-d-d-d), 
and this happens the mouth begins drawn the right and quiver. 


similar phenomenon apparent articulatory spasm was noted 

some occasions Case 
seems, then, that movements (those the limb well those 


the muscles articulate speech) may suddenly paralysed, suddenly 
put into spasm, first paralysed and then convulsed. 
There seems escape from the conclusion that these two distinct 
effects are dealing with “discharge” from different cortical foci, from 
foci which inhibit movement the first place, and from those that excite 
movement the second, and take this view the observation 
Hines (/oc. cit.) and Dusser Barenne, Garol and McCulloch (loc. 
cit.) may have some relevance, and may suggested that the pheno- 
mena inhibition movement Jacksonian fits afford some measure 
confirmation the notion that there are cortical regions, immediately 
anterior the excitable motor cortex, that normally inhibit movement. 
Amongst the movements thus differently treated seems that may 
include those articulate speech. 
has been generally believed that the transitory paralysis con- 
vulsed parts that ensues after convulsion due exhaustion the dis- 
charging foci, and the stage flaccid coma that ensued upon major 
epileptic fit with generalized convulsion Jackson sees the effects 
widespread exhaustion the highest level representation movements 
the cortex producing universal paralysis. the objection that the 
comatose patient does not move because unconscious, Jackson 
returns the following conclusive answer: submit that not 
intelligible explanation say that the patient does not move because 
unconscious. Why should not move unconsciousness were all, 
his nervous system being sound? The fact is, cannot unconscious 
without having some negative physical condition his nervous system 
answering that negative psychical condition, and the central 
negative physical condition alone which have take account our 
explanation his other physical condition immobility” cit., 322). 
short, the patient unconscious for the same reason that cannot 


move. 
Nevertheless, this irrefutable aphorism does not necessarily bind 

“exhaustion” the highest centres the valid explanation, and leaves 

open question whether here also, after generalized focal con- 

vulsion, the loss power that endures for seconds minutes may not 

due the activity inhibitory cortical regions, “extinction” 

other cortical regions normally excitable. 
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The co-called “classic” theory the cortical representation move- 
ments proposes cortical mosaic “points” the excitable motor cortex, 
each which represents single small movement, sometimes one activat- 
ing but two muscles reciprocally. Leyton and Sherrington suggested that 
the function the motor cortex whole synthesize these fractional 
components into those combinations and sequences larger movements 
that charactistically make the normal motor activities the organism. 
They also pointed out that given cortical point responds stimulation 
various ways, determined the stimulation factors which 
exposed. Thus point that one moment yields response may 
responsive another: repeated threshhold stimuli have effects— 
they augment the responses from the point stimulated and may alter 
(“deviate”) the response from adjacent points; even reversal response 
may obtained. This implies instability localization, breaking 
down, Dusser Barenne puts it, the relations between cortex and 
musculature. There yet another assumption the theory, namely, 
that the item movement revealed brief threshold stimulation 
the cortex normal unit co-ordinated movement. 

submitted that this theory does not adequately generalize the 
facts clinical experimental observation. These indicate that 
the normal movement combinations and sequences normal activity 
that are represented, and this not the plan mosaic contiguous 
“localizations,” but plan wide and overlapping fields, each 
which has focus wherein the movements given motile part are 
mainly, but not exclusively localized. The variations response 
given cortical point stimulation are not due any breaking down 
the localization, but variations the threshold excitability the 
different movements “localized” this point. Facilitation the process 
underlying this variation, and deviation response consequence 
this facilitation. 

The phenomena Jacksonian convulsions and hemiplegia also 
afford support the hypothesis widespread fields localization that 
Jackson formulated, and are inexplicable the basis the punctate 
theory localization. 
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APPENDIX.—ILLUSTRATIVE CASES. 


Case S., aged 54, Linotype Operator. Cortical Venous Angioma, Has 
been subject Jacksonian attacks for fifteen years. During this time they have 
occurred with varying frequency, weeks freedom alternating with periods 
numerous daily attacks. The attacks have been characterized their varying 
foci onset, and their various combinations sensory and motor phenomena. 
1940 after long series attacks beginning the right side the face, residual 
facial paresis developed—the first persisting residual defect sign—and 1941, the 
left Rolandic region was exposed operation and cortical venous angioma was 
seen, straddling the region. This was not interfered with and the bone flap was 
closed down again. X-ray examination 1943, revealed small area calcification, 
1-5 cm. over the precentral convulsion cm. from the vertex. The attacks have 
since continued, the frequency being diminished while the patient pheno- 
barbitone, but not wholly 

time have there been indications raised intracranial tension, and 
persisting residual defect symptoms save the facial paresis. The following main 
varieties attacks, many them observed, have occurred, 

(i) Purely sensory attacks. —Consisting sudden accesses “deadness and 
numbness” right thumb, index and middle fingers, persisting for few seconds 
and leaving residual disability. These were the only attacks during the first 
two years. 

(ii) Motor attacks starting the their mildest form these consist 
clonic movements closure the right eve, persisting for several minutes and 
recurring with great frequency. slightly more severe attacks, convulsion spreads 
the side the nose and “the nostril other attacks, further spread 
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THE MODE REPRESENTATION MOVEMENTS THE MOTOR 


the right angle the mouth takes place, and then becomes unable speak. 
the most severe, turther spread takes place, and the head turned right 
and drawn down the shoulder series powerful jerks. unable say 
whether the eyes deviate, whether the tongue moves, but the throat feels rigid. 

these attacks the spread from the highest the lowest members the 
head series, thus, orbicularis palpebrarum, angle nostril, angle mouth, head 
and neck. 

Motor and sensory attacks arising the right hand.—Onset with momen- 
tary sensation “pins and needles” thumb, index and middle fingers, followed 
twitching (flexion) the thumb, and then the index and middle fingers. Weak- 
ness and clumsiness these three digits lasts for some minutes after cessation 
convulsion, and examination after such fits has revealed several occasions, weak- 
ness and clumsiness movements these digits, raised threshold for compasses, 
impaired sense position and sense passive movement, loss 
tactile, thermal painful sensibility. few attacks this order, further 
spread has taken place forearm, and upper arm muscles, the arm being flexed, 
elevated and abducted jerks. The angle the mouth then twitches few 
these attacks, and speaks with great difficulty and cannot understood. 

(iv) Attacks beginning with transient loss power the right 
numerous occasions sudden profound weakness the right hand and digits precedes 
convulsion the right side the face. 

(v) Focal attacks becoming four occasions, always after drink- 
ing bouts, attacks preliminary rigidity and then rapid clonus the right digits 
and wrist, spread very quickly the arm the face, the abdominal muscles stiff 
and twitch, the right leg goes stiff and consciousness said that convul- 
sion then becomes general, tonic first and then clonic. becomes cyanosed, 
froths the mouth and then relaxes short-lived flaccid coma. incontinence, 
tongue biting. residual paralysis. 

(vi) Effects peripheral patient volunteers this information that 
if, with the right forearm pronated, taps either the lower end the ulna the 
elbow table, attack beginning the right hand apt start. Many attacks 
beginning spontaneously the right hand can cut short grips the right 
wrist firmly for several seconds with the left hand. Here rapidly recurrent stimuli 
appear facilitate attacks, and prolonged sensory stimuli abort 


Comment.—This case presents many variants Jacksonian attack 
arising the precentral and postcentral cortex, variability that sub- 
mitted characteristic cases cortical venous angioma. one feature 
resembles cases described Jackson which sensory phenomena 
the hand precede convulsion facial muscles. The case also suggests 
that rapidly repeated peripheral stimuli applied the convulsing part 
may facilitate attacks, and that persisting stimulus may inhibit (or 
cause the extinction of) cortical activity. The sequence spread face 
also interest, and the occurrence loss power the initial symptom 
raises the question whether Jacksonian attacks may not arise 
cortical region, excitation which inhibits movement (cf. Hines’ strip, 
Dusser Barenne’s “suppressor bands’). 


Case 2.—J. F., aged 56, Accountant. Cortical Venous Angioma, left Rolandic 
region. 


Jacksonian fits over period seventeen Periods freedom several 
months’ duration alternating with periods very frequently recurring attacks. 
time have any residual defect symptoms been noted, and physical examination 
the nervous system has always been wholly negative. X-ray (1943) gives the 
typical appearance calcified venous angioma over area cm. over the 
left Rolandic fissure and cm. from the vertex. The following varieties attack 
have occurred. 

(i) Generalized with loss sudden unheralded loss 
consciousness, with generalized convulsion, cyanosis and frothing the mouth, 
with incontinence urine. all eight attacks this order have far occurred. 

(ii) Attacks speechlessness followed spasm the tongue, angle mouth, 
and deviation head and eyes right. —This the most frequent form attack. 
proceeds follows: sudden inability speak followed the advance 
the tip the tongue the line the teeth and the utterance rapid sequence 
sounds (D-D-D-D-D-D-). The throat then “constricts,” the mouth drawn 
the right and finally the head and eyes turn series jerks the right. 
While this goes on, feels confused and frightened, but retains consciousness and 
fully aware his symptoms and his surroundings. can often cut short 
these attacks forcefully turning the head and eyes the left and keeping them 
there fer about half minute. 

(iii) Focal attacks beginning head and neck and becoming generalized.—Head 
and eyes turn right series jerks, then the right angle the mouth twitches 
and cannot speak, and the right eye shuts jerks, Then the shoulder begins 
and down, the elbow makes flexing jerks, and hand and digits jerk flexion. 
The right leg then goes stiff and loses consciousness. There are residual 
defect when the attack ceases. 

Comment.—Here the attacks arising the muscles head 
begin the lowest members the series and spread the highest, then 
spreading the lowest arm series. Here Case consciousness 
lost the leg enters into convulsion. this case cortical angioma the 
same variability the form attacks, was seen Case present. 

Case L., girl, aged 11. lesion revealed This case 
fully reported Brain, 1935, 58, 81. 

Case H., aged 37, Electrical Engineer. Lesion not yet verified. Three 
attacks past year, one generalized, two focal. abnormal physical signs 
nervous system examination. other symptoms than the attacks. 

(i) Generalized attack.—Sudden unheralded consciousness with generalized 


convulsions, cyanosis, and frothing the mouth. incontinence tongue 
biting, residual defect symptoms, 


(ii) Focal “comes over swimmy,” the right hand “goes numb and 
paralysed, and one attack dropped spoon was holding. The tongue then 
“curls against the roof mouth.” cannot speak, but utters sequence 
sounds Case 2). The mouth then drawn jerkily the right. Leg 
unaffected, consciousness unimpaired. residual defect symptoms, duration less 
than minute. 


Comment.—Here have loss power hand preceding convulsion 
face. Like Case sounds were uttered, and this raises the question 
whether these “D” sound sequences are regarded vocalization. 
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Case C., woman, aged 37, Factory Hand, surgically and microscopically 
verified astrocytoma postcentral Fits constant 

For three years patient has been subject frequent attacks beginning the 
right hand, and followed short-lived headache moderate severity. head- 
ache other times, visual symptoms, hemiparesis. 

examination (March discs, visual fields and acuity normal. 
All cranial nerves normal, save for very slight paresis the right lower face, 
speech and articulation normal. Motor system shows abnormality, Sensory 
system, abnormality save for slight rise threshold right hand for compass 
test. Reflexes, tendon jerks right limbs slightly brisker than those left limbs. 
Abdominal reflexes brisk and equal, right and left, plantars flexor, right and left. 
Ventriculography reveals normal ventricular system. X-ray skull reveals 

Exploration (Mr. McKissock, March 18, 1943).—The postcentral convolution 
was slightly raised and whiter than the surrounding cortex, the lateral half the 
convolution was harder palpation than the surrounding brain. incision was 
made, cm. long vertically over the centre the convulsion over its lateral 
half, and deep small tumour exposed. This was removed and proved 
cm, long and easily separated from surrounding brain. Anteriorly, the tumour 
reached the posterior wall the fissure Rolando. The anterior wall the 
fissure (posterior buried part precentral convolution) appeared normal, 

attacks which this patient had been subject for three vears 
approximately were constant character and consisted onset “deadness” 
the fingers, which rapidly spread the arm the shoulder and thence into the 
right half the face. very few seconds there ensued twitching the 
fingers, hand, arm, shoulder and right half face. When the face reached 
she becomes unable speak. She states that the entire attack may last for 
several minutes, and immediately its cessation she able speak normally 
and has the full use the right arm and hand. Consciousness unimpaired. 

Her present state, examination, slight nominal aphasia respect the 
less familiar names, slight paresis the right lower face, trace weakness 
any mode sensory impairment the right hand arm. Reflexes normal 
and equal the two sides. further fits (April 1943) discharge. 


Comment.—In this case. the fits were constant character, 
those Cases and and sensory phenomena preceded convulsion.. 


indebted Mr. McKissock for access his notes and for the 


opportunity examining this patient. 
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INDIRECT INJURIES THE OPTIC NERVE. 
(From Military Hospital (Head Injuries) and Hurstwood Park E.M.S. Hospital.) 


paper deals only with indirect injuries the optic nerve, that 
when the nerve injured result head injury manner other 
than direct involvement projectile. based cases, from 
E.M.S. Head Injury centre, the remainder from the Military Hospital 
for Head Injuries. 

Frequency optic nerve estimate the frequency this 
type lesion +50 consecutive head injury admissions the hospital 
and 1,100 the Military Hospital were taken, amongst this group 
1,550 head injuries there were cases optic nerve injury. Ritchie 
Russell (1940) found optic nerve injuries series 600 cases. Taking 
these two series together the incidence damage the optic nerve 
1.5 per cent. head injuries. Rowbotham (1941) gives figure only 
per cent., but appears writing complete injuries the nerve, 
while including the partial injuries. 

compare the frequency involvement the various cranial nerves 
the same series 1,550 cases was used. The frequency shown Table 


TABLE DAMAGE CRANIAL NERVES 1.550 HEAD INJURIES. 


The 8th nerve not included owing the difficulty present 
distinguishing between involvement ihe inner ear and the nerve 
will seen that the optic nerve the third most frequently 
damaged, being exceeded only the olfactory and the facial. notice- 
able that more often involved than any the oculo-motor group. 

The type injury shown Table 


TABLE INJURY FORTY-SIX CASES NERVE DAMAGE. 


Cycle aecidents 
Falls 
Air-raid casualties 
Pedestrians 
Car and lorry accidents 
Miscellaneous 
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The site injury the head important. This could usually 
determined the presence laceration its scar the presence 
localized bruising the early stages; the presence closed fracture 
the skull without external evidence the site injury has not been used 
this connection. thirty-five cases the impact was the forehead 
the supraorbital region the same side the visual loss; one 
patient the right optic nerve was injured when sustained open 
fracture the left frontal region. six cases the impact was the 
region the external angular process. four cases external evidence 
the position the impact was available and there was fracture 
the two these men, however, were involved head-on motor 
cycle collisions likely that the site impact was frontal. 

one case only was there definite evidence more posterior injury, 
woman who sustained open fissured fracture the right parietal 
region from falling debris during air raid. possible that she was 
thrown forwards her face, but there was external evidence 
this thirty hours later, seems reasonable that her case accepted 
example optic nerve injury from parietal impact. 

This analysis the site injury shows the difference between these 
cases and those with traumatic lesions the olfactory nerves, many 
whom have occipital injuries. The contre-coup from occipital injury 
was never observed damage the optic nerve. 

The severity the injury interest. Unfortunately present 
have absolute criterion the severity head injury; standard 
often used the length the post-traumatic amnesia. the majority 
the cases reported here this has been some length (Table but there 
have been few cases where has been merely few seconds minutes 
and one them there was loss consciousness, and this has been 
noted others (Thoral, 1924) optic nerve injuries. The man with 


‘no loss consciousness was involved motor-cycle skid and fell 


striking the left side his forehead the ground and sustaining much 
bruising round the left eye. immediately picked himself up, and four 
days later when the bruising had subsided found that could only 
distinguish light from darkness with his left Improvement occurred 
but was left with 6/18 vision and sector defect the lower temporal 
quadrant. 

This case and others similar type show that considerable damage 
can done the intracranial structures without the general cerebral 
disturbance which results concussion, fact equally true the brain 
itself where extensive damage can inflicted without loss consciousness 
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when the impact from object small size such bomb fragment 


e 
small piece masonry. 


NERVE INJURY CASES. 


Course optic nerve all cases this series the effect 
has been immediate, and examples delayed blindness have been 
observed. Even when the nerve only partially damaged there often 
complete loss vision the affected eye for two three days before 
recovery begins. any useful vision going recover, improvement 
usually starts about the third fourth day and rapidly progresses. 
the fourth week after the injury all the recovery that going occur 
will usually have taken place, though one patient this series continued 
improve for about seven weeks. rare for subsequent deterioration 
occur, but one case which was observed for three months, vision had 
improved 6/12 after four weeks, with sector defect the lower nasal 
field, while two months later vision was 6/18 and the field defect had 
increased involve part the lower temporal quadrant. 

The prognosis with nerve injuries worse than with injuries 
other cranial nerves, except possibly the olfactory and the auditory, 
the optic nerve anatomically part the brain and not peripheral 
nerve. few cases partial injury the nerve there never complete 
loss vision, and one case abnormality was noted till the patient 
went the rifle-range some weeks after leaving hospital where frontal 
scalp wound had been sutured. 

The visual acuity following optic nerve injury may vary from 
complete blindness normal vision (see Table possible that 
some minor injuries the nerve fuil fields well normal acuity may 
return, but have not had opportunity following case this 
type from its earliest stages. 

cases bilateral optic nerve injury were observed this series. 


TABLE VISUAL ACUITY FORTY-SIX OPTIC NERVE INJURIES. 


Corrected 


i 
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The visual visual field defects fall into two-main groups, 
the first which scotoma the leading feature, the second which 
peripheral sector defect outstanding, though certain amount overlap 


G relatue te + 


absolute 


all paracentral scotoma with V.A. 6/6 (partial). 


Fic. 


—\ Z relative to ‘ 


+180" 


Fic. Fic. 
Fic. 2.—S fixation point. V.A. 6/9. 
Fic. 3.—Dense pericentral scotoma with fading 6/60. 
between the two groups occurs. There were eight cases the scotomatous 
group. There constant type scotoma, three cases was peri- 
central, four cases paracentral and one case 
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Interesting cases are those with smal! paracentral scotoma; one 
these men was seen three weeks after motor-cycie accident which had 
caused post-traumatic amnesia eighteen hours. There 
phase grossly impaired vision, but complained that could 


Fic. 5.—Lower nasal quadrantic defect. V.A. 6/9. 


not see well with his left eye before the accident. examination 
V.A.R. was 6/6 and V.A.L. 6/6 the fundi were normal and the 
pupils reacted briskly light, there was refractive error. was only 
careful field testing that absolute paracentral scotoma was 
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found, this case might have been diagnosed functional condition 
screen studies had not been done. similar case was one with small 
relative scotoma 1/2000 below the fixation point, though this man 
there had first been complete loss vision the affected eye. both 
these cases the peripheral fields were full, some cases with larger scotomas 
there have been peripheral defects addition. 

nineteen cases the defect was predominantly the peripheral field. 
These may all types from complete temporal inferior 
hemianopia one eye small sector defect general constriction with 
one part the field more involved than the rest. The only type 
defect which have not encountered upper horizontal hemianopia. 
usual for the defects have fading edges both the scotomatous and 
the peripheral groups. 

Fundus changes.—In the early stages there change the optic 
disc; two cases which have examined the first few days after the 
injury there have been few scattered the retina but 
these were thought the result direct trauma the globe and not 
directly related the optic nerve injury. the disc the complete 
injuries usually first noticeable towards the end the third week and 
then rapidly progresses the pallor complete optic atrophy. the 
cases with slighter damage the nerve the appearance pallor the disc 
occurs later and some cases never becomes noticeable. 

The severe injuries the optic nerve the pupils are usually 
equal, the pupil the affected side reacts sluggishly not all 
direct light but reacts briskly consensual light. slight degrees 
damage there may alteration the pupillary reaction. 

should noted that inequality pupils does not occur unless there 
unconscious patient the finding one pupil which does not react 
direct light while the other one reacts normally may misinterpreted 
stage the development the Hutchinsonian pupil associated with 
extradural hemorrhage. The finding normal consensual reaction will 
also prevent this error. 

One patient this series had traumatic Argyll Robertson pupil 
the same side the optic nerve injury, probably due trauma the 
efferent pathway the light reflex (Nathan and Turner, 1942). 

Differential not uncommon after head injury for 
patient complain that vision one eye not good 
the commonest cause this the unmasking refractive error which 
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had not been noticed previously. One patient, who knew that had 
amblyopic eye previously found that vision this eye was further 
reduced after his injury and testing his fields was found have 
paracentral scotoma showing that had had optic nerve injury 
the side the amblyopic eye. 

Hysterical amblyopia may occur one eye following head injury. 
The assertion Terrien (1936) that immobility the pupil light 
constant accompaniment optic nerve lesion, finding which 
takes the major distinction from hysterical amblyopia, is, course, 
unjustified the case partial injuries the nerve. 

Crescentic tears the choroid, which may followed optic 
atrophy sometimes follow frontal blows and cause considerable impair- 
ment vision, but these can seen with the ophthalmoscope. 
Occasionally following head injury macular hemorrhage which may 
followed macular degeneration occurs, this lesion will cause 
pericentral scotoma and may very difficult recognize even when the 


pupil dilated. 


concomitant lesions other cranial nerves were frequent this series. 
eleven cases there was unilateral bilateral anosmia, ten there 
was partial complete lesion and four 6th nerve lesion; 
only one case was there complete sphenoidal fissure syndrome and 
this man all the cranial nerves recovered except the optic and 
lesser degree the 6th. Six patients had cerebrospinal one 
subarachnoid and two carotico cavernous aneurysms. 
case was there evidence hypothalmic disturbance, such may occur 


with injuries the optic chiasm. 
Radiology optic nerve shows the findings routine 


skull plates. 


INJURY CASES. 
fracture demonstrated 
Fissure frontal bone 
Parietal fissure 
Temporal fissure ... 


TABLE V.—EVIDENCE SKULL FRACTURE OPTIC NERVE 


cases 
cases 


greater interest are the special views the optic foramina these 
cases. Radiological demonstration fracture into the optic canal was 
first given Goalwin 1926 when found fine fissure extending 
into the pictures are difficult interpret and 
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essential have views the foramina both sides for comparison. 
this series forty-six cases, nine have not had these special views taken, 
while thirty-three cases abnormality the foramina 
seen. four cases only was abnormality discovered. one the optic 
foramen the affected side was smaller than the opposite one, this 
case the injury was eleven years earlier and the appearances were equivocal. 
the second case which there was fissure syndrome 
addition the optic nerve injury, there was apparent compression the 
optic canal and fracture line extending into it. the other two cases 
fine fissure was found running into the lower part the canal the 
lateral side. 

These findings indicate the rarity radiological evidence fracture 
involving the optic canal cases optic nerve injury. The canal 
several millimetres length and tomographic studies were carried 
out possible that fine fissures into might demonstrated higher 
proportion cases. 

Pathogenesis optic nerve main difficulty discussing 
this problem the absence post-mortem studies cases which have 
been known life have injuries the optic nerve. have had 
pathological material from cases. 

The optic nerve consists three parts, the portion being 
about mm., the canalicular about mm. and the intra-cranial 
mm. long (Duke-Elder, The orbital portion has considerable 
slack allow for movement the eyeball but the canalicular portion 
closely bound down especially its superior aspect its dural sheath 
which united the periosteum. practically certain that injury 
the nerve takes place the canalicular intracranial portions owing 
their immobility, and this position the lesion corresponds with the 
appearance pallor the discs about three weeks after complete lesions. 

The mechanism these injuries originally advanced Berlin was 
that fracture into the canal involves nerve—he based this the 
post-mortem statistics van Hoelder who stated that per cent. 
fractured bases the optic foramen The criticism these 
findings that high proportion van Hoelder’s cases were gunshot 
wounds, particularly suicides who had fired into their mouths, the effect 
being different one from the ordinary case fractured base. 

Later post-mortem studies fractures the base closed injuries. 
especially those Bathe Rawling (1904) showed that the optic canal was 
only rarely involved, the majority basal fractures this vicinity tended 


— 
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pass from the cribriform plate between the two optic foramina 
more laterally through the sphenoidal fissures. Small fissured fractures 
sometimes radiated the optic foramina but they were usually 
slight nature incapable causing any gross lesion the nerves. 

More recently X-ray studies have helped this problem. results 
show the rarity demonstrable fractures into the optic canals these 
cases; others (Barkans, 1928) who seem assume the presence fractures 
were unable show them radiologically. 

Rollet, Paufique and Levy (1930) however were able demonstrate 
fractures ten cases optic nerve injury, but their illustrations the 


fractures are sure and only one them was there 


detached fragment bone which might have compressed the nerve. 
Although these authors claim that all optic nerve injuries are accompanied 
fracture into the optic canal, they not think that detachment 
bone fragments compress the nerve any general 
importance. 

Some confusion thought seems exist this point; fine fissured 
fracture into the optic canal cannot itself cause optic nerve injury 
unless there detached bone compressing the nerve: there must some 
other mechanism involved—if fracture present accompaniment 
of, and not the cause the nerve lesion. 

second explanation that the intracranial portion the nerve may 
compressed fractured anterior clinoid process, Rawling found that 
this type fracture was fairly common. Pringle (1922) important 
study the question optic nerve injuries did post-mortems 174 
patients dying after head injuries, these were acute cases which 
clinical study visual function could made. found six cases 
with fracture the anterior clinoid process but none these did there 
appear any injury the nerve hemorrhage into its sheath. 

There does not appear any direct evidence that optic injuries 
can caused this way, but there are two remarkable cases described 
Lillie and Adson (1934) which there was delayed unilateral visual 
failure after head injuries, one these cases was explored and there was 
found fracture through the anterior clinoid which had extended 
into the optic foramen, callus had formed which had compressed the optic 
nerve two-thirds its normal the callus was removed and the 
nerve decompressed removal the roof the optic foramen; 
hematoma was found the nerve sheath. There was however improve- 
ment vision. 
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number authors have accepted the view that into 
the sheath the optic nerve with compression the fibres the cause 
the visual failure these cases. Pringle (1922) his 174 post-mortems 
found blood the nerve sheath cases, these cases were all 
unconscious from the time the head injury till they died and 
note their visual acuity could made. From this evidence believed 
that optic nerve injuries were due compression blood and carried 
his belief the extent operating three cases uniocular blindness 
following closed head injury; all three cases found blood under tension 
the nerve sheath, but there was subsequent return vision any 
the cases, ascribes this the fact that the operations were done 
between two and four weeks after the injury and irreparable damage had 
been done the nerves. 

There seems circumstantial evidence against this view 
the mechanism optic nerve injuries. spontaneous subarachnoid 
hemorrhage from aneurysm angeioma there frequently blood 
the sheath the optic nerve and unilateral optic atrophy not 
apparently consequence this, unless there direct pressure the 
nerve the aneurysm. these cases also there are frequently fundus 
changes, such and subhyaloid probably from. 
the increased pressure the sheath causing obstruction the central 
retinal vein crosses the subarachnoid space round the nerve indicated 
Riddoch and Goulden (1925). Retinal changes are uncommon the 
early stages optic nerve lesions and this would appear against the 
theory intravaginal hemorrhage the causative factor. 

think that the most probable explanation the majority cases 
vascular lesion, either hemorrhage thrombosis the substance 
the nerve, resulting from the injury—a theory similar that put forward 
Traquair, Dott and Ritchie Russell (1935) account for injuries 
the chiasm. 

The blood supply the optic nerve has been studied Abbie (1938) 
and Eugene Wolff (1940). Their conclusions are based injection 
followed dissection under binocular microscope. The intracanicular 
portion the nerve supplied small branches from the ophthalmic 
artery, and these contribute pial network vessels which surround the 
nerve. From this network arteries pass right angles into the nerve 
taking with them coat pia and being covered glial tissue which 
forms the septa which divide the nerve into large number separate 
bundles. the vessels pass into the nerve they divide and send branches 


forwards and backwards. There however another source blood supply 
for part the intracanicular portion the nerve. Abbie states that just 
after the central artery the retina enters the optic nerve behind the 
globe gives off recurrent branch which extends posteriorly 
the optic foramen. 

There little possibility movement the optic nerve its canal 
and blow the frontal temporal region may result sudden 
jarring the nerve, probably causing violent impingement against the 
bony wall the canal. This would sufficient rupture small vessels 
the septa the nerve, followed local thrombosis and softening. 

This hypothesis lacks pathological confirmation but seems 
the most satisfactory one the case partial injuries any rate, and 
would account for the scotomatous type field defect which difficult 
explain the basis blood the nerve sheath. possible that the 
scotomatous defects are caused when the damage the recurrent 
branch the central retinal artery, while the more common type 
hemianopia sector defect produced when the damage chiefly 
the vessels entering the nerve from the pial anastomosis investing it. The 
complete blindness immediately after the injury which may last for two 
three days even the partial injuries comparable the spinal shock 
which occurs injuries the spinal cord which later recover greater 
less extent, the physiology this remains obscure. 

the complete lesions the optic nerve similar vascular mechanism 
may apply, but some cases there probably actual laceration the 
nerve compression detached bone fragments. 


SUMMARY. 


(1) cases indirect optic nerve injuries have been studied. 

(2) Attention drawn the partial injuries the nerve where visual 
acuity may practically normal but small scotomata are present. 

(3) The site the injury almost invariably the frontal region. 

(+) only four cases has any abnormality the optic 
foramina been demonstrated. 

(5) Arguments have been put forward support the view that the 
mechanism the injuries intraneural vascular damage. 


thanks are due Mr. Harvey Jackson, F.R.C.S., for permission 
use the clinical material from Hurstwood Park E.M.S. Hospital and 
Lieutenant-Colonel Chambers, M.C., for permission record 
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cases from the hospital under his command. Thanks are also due the 
Medical Research Council for assistance the follow-up scheme for head 
injuries. 
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REFLEX STUDIES ELECTRICAL SHOCK PROCEDURE. 
KINO. 
(West Riding Mental Hospital, Wadsley, Sheffield.) 
INTRODUCTION. 

Tue method electrical shock treatment recently introduced mental 
disorders provides opportunity for the study reflex movements and 
kindred phenomena under conditions which have not before been applied 
man. fact, this method represents pure physiological experiment 
with all the advantages arbitrarily produced and exactly controlled 
functional disorder the central nervous system. Although was the 
experimental work animals which laid the foundations for 
understanding the general rules controlling the neuro-mechanisms 
reflex action, the knowledge human reflex phenomena 
less based the first place clinical and pathological observations 
man. clinical investigations, however, the premorbid status the 
reflexes may unknown and the range the alteration cannot always 
accurately gauged, but the shock experiment the character any 
reflex can assessed immediately before stimulation, the beginning 
the reflex alteration fixed the moment, the duration subsequent 
changes measured time, and with this time-factor more exact 
and measurable property added the other known qualities the reflex 
phenomena. 

The technique the electrical shock procedure has—from experi- 
mental point view—the disadvantage that both sides the brain are 
stimulated synchronously and that the stimulus has applied exclu- 
sively the prefrontal part the these disadvantages are 
outweighed the opportunities comparing the reflex changes with the 
same reflex immediately before stimulation. 

The complex motor manifestations produced the electrical shock can 
subdivided into four stages. the first, which may appro- 
priately called the paroxysm,” the whole body goes into powerful tonic 
spasm which the head retracted, the arms thrust forwards sideways 
and the legs bent vigorous triple flexion. After one two seconds 
the paroxysm over and the body would gradually relax save that new 
and still stronger stimulus, the after-discharge, initiates the second stage. 
the tonic this phase the body first repeats the contractions 
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the paroxysm but more vigorous manner and slowly the cramp 
grows power, the opisthotonus increased, the arms forcefully stretched 
and adducted and the legs turned slowly from the triple flexion 
maximal extension and adduction. Feet and hands assume the typical 
tetanoid position. With the onset clonic convulsions,” ten fifteen 
seconds later, the third stage begins. The whole body shaken for twenty 
thirty seconds jerks similar those epileptic fit. Gradually 
the jerks become rarer and disappear completely, marking the commence- 
ment the longest and most significant period for our investigations, the 
postconvulsive phase.” 

After the cessation convulsive jerks the legs still remain for about one 
minute extensor hypertonus which first disappears the knee and 
shortly after the ankle. 

The whole motor reaction the arms from the onset little 
different from the contraction pattern the They not perform 
the regular bending movement the legs. More often they start with 
stretching and remain vigorous extensor cramp during both the tonic 
and clonic stage. the beginning the postconvulsive period they 
not retain extensor the legs, but perform slow 
bending movement, then stretch again and finally both, legs and arms, 
relax. large majority cases this spasticity turns mild hypotonus 
individually variable degree and duration. Many persons develop 
this stage vivid play myoclonus; periodically repeated myoclonic con- 
tractions rhythmical involuntary movements the limbs. 

may mentioned here that throughout the whole postconvulsive 
phase not the slightest sign temporary paralysis even paresis the 
limbs was observed. 

the stimulus below threshold, the reaction restricted the 
paroxysm only and the shock abortive; threshold, the convulsive re- 
action may delayed that between the paroxysm and the following 
convulsions interpolated interval from five thirty seconds. These 
various reactions represent different degrees functional disorder the 
central nervous system. 

Even the technique and degree stimulation have been the same, 
the reflex response different individuals may different, but 
rule the same person the reflex manifestations remain constant. With- 
out this fundamental individual stability exact study reflex pheno- 
mena would .be impossible. 

These investigations have been carried out 200 patients and have 
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involved about 1,000 examinations. The cases consisted psychotics 
both sexes various stages disease. Their ages ranged between and 
but the largest proportion were from 45. 

Particular attention has been paid those reflexes which are greatest 
importance the evaluation structural disorders the central nervous 
system that comparative observations may facilitated between organic 
reflex changes and the functional changes our experimeats. 


OBSERVATIONS. 

rule the deep reflexes are greatly exaggerated during the first 
minutes the postconvulsive phase. Clonus can easily set the 
ankle and favourable cases knee—and wrist. ankle-clonus 
constant during the first minute, patellar-clonus rare occurrence. But 
even cases with highly brisk reflexes homolateral crossed contraction 
the adductors has never been present. 

Gradually all deep reflexes lose their briskness and return after approxi- 
mately five minutes their original condition. This the 
small number cases however some the deep reflexes may decreased 
even completely abolished the first one three minutes after 
short preliminary exaggeration only. 

The deep the postconvulsive period are generally 
correlation with their original strength. Where deep reflex absent 
for one reason another does not reappear the postconvulsive stage 
even though all other deep reflexes become highly exaggerated. 

Not all the deep reflexes are apt abolished the same way. 
The knee-jerk the most prone disappear, less frequently the ankle- 
jerk, then the biceps and finally the pronator jerk. one person these 
four reflexes disappear they return their original condition the reverse 
order. the rare cases with abolition deep reflexes the time necessary 
for their return the original state differs individually wide limits, but 
ten minutes can regarded average. 

this point the reiiex behaviour the arm similar that 
the leg. The one surprising exception the supinator jerk. This reflex, 
rule, completely disappears for five ten minutes persons whom 
immediately before the shock has been easily elicited the typical 
receptive field, the lateral aspect the styloid process. The supinator 
jerk remains only those with general and considerable exaggeration 
original deep reflexes, but even then either decreased when com- 
pared with its preconvulsive range disappears after one two minutes. 
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This disappearance the supinator jerk the more notable when com- 
pared with the marked exaggeration all other deep reflexes the same 
time the same person. There conspicuous contrast the brisk even 
clonic pronator jerk which released quite the same manner only from 
the anterior aspect the styloid process. 

The character the deep reflexes quite independent the state 
the muscle could observed persons athletic 
physique and exaggeration those poor musculature. 

the basis the above observations may deduced that there 
are two important factors which shape the character reflex response 
our experiments. One the original individual condition the reflex, 
present absent, brisk sluggish. The second the degree suscepti- 
bility the various deep reflexes. This more personal feature, 
but general characteristic the different deep reflexes. 

the onset the postconvulsive phase, the three skin 
reflexes examined, abdominal, cremasteric and plantar disappear com- 
pletely. The abdominal and cremasteric reappear different individuals 
within eight fifteen minutes, the cremasteric rule before the 


abdominai. 

Plantar stimulation does not produce any reaction during the first 
three four minutes. Then turns marked extensor response 
elicited its height from any part the sole, but other stages from 
the lateral border only. This Babinski phase has average duration 
eight ten minutes. Gradually after interval mixed reaction— 
extensor from the lateral, flexor from the medial border—the exclusive 
flexor response from any part the sole reappears its original form. 
Exceptionally the most effective receptive field has been found the lateral 
half the dorsum pedis. 

The extension the big toe mostly accompanied mild triple 
flexion the limb but decreasing the intensity stimulation solitary 
hallux response can readily obtained. 

The electrical shock procedure provides exceptional opportunity 
comparing the normal plantar reflex with its inversion the same in- 
dividual, under the same external conditions and very short sequence 
time one after the other. 
was noticed that persons with brisk normal response generally had 
strong Babinski, whereas those with sluggish absent plantar response 
showed poor absent Babinski’s sign. 

many cases the normal flexor response can already obtained 
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from the medial part the sole before the Babinski disappeared that 
both responses coexist for short interval. the same way both reactions 
may present exclusively individuals with less strong development 
the extensor response. 

According our observation five different stages plantar response 
could distinguished: (1) Absence any response “dumb sole 
(2) extensor response from the whole (3) response from lateral 
and response from medial part: (+) extensor response from lateral and 
flexor from medial part: (5) flexor from the whole sole. 

Fanning the toes and crossed sign were never detected. 

The extensor response, elicited method, i.e. stroking 
the inner tibial surface downwards with the thumb, was present only 
cases with very strong such favourable conditions 
even the stimulation the instep quick succession pin-pricks may 
produce extensor response very rarely the 
mechanism the leg. This the only instance which limb flexion 
was obtained. Other manipulations used release abnormal triple 
flexion other reflexes spinal automatism failed produce any effect. 

Gordon’s manipulation bring about the extensor response press- 
ing the calf muscles could never elicited. 

Co-ordinated spinal movements the arms could not set up. 

those with equally brisk plantar, cremasteric and abdominal reflexes 
the first reappear the plantar flexor from the medial border, then the 
cremasteric and finally the abdominal. The absolute time abolition 
these three reflexes varies considerably different persons, but the relative 
figures can said approximately 10:12. 

The corneal reflex the only reflex which not inhibited 
the convulsive discharge. 

During the tonic cramp when the lids are occasionally wide open 
corneal reflex can obtained. But this inactivity simply due the 
cramp the lids which prevents the reflex function. During the brisk 
convulsive twitchings the lids examination not practicable but 
immediately after cessation the jerks the reflex invariably present. 
The first reactions are not brisk the normal response though their 
amplitude quite normal. 

The disappearance the phalangeai joint reflex sign) 
constant the abolition the skin reflexes but the duration its 
absence less variable than the the behaviour 
other abolished reflexes returns after six nine minutes and usually 
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not brisker than originally. Exaggeration exceptional. those 
whom this reflex could not elicited before the shock remained absent 
throughout the postconvulsive period. 

During these investigations was found that the postconvulsive phase 
strong grasp reflex could set the majority the cases examined. 
appears four six minutes after the onset the shock and lasts for 
one two minutes. Some persons maintain their fingers mild flexor 
cramp for about one minute after the convulsions have ceased, but this 
should not mistaken for grasp reflex. Only after the arm muscles 
have relaxed should the grasp reflex examined. 

Grasping the foot could never brought about even instances 
where the grasp reflex the hand was strongly developed. 

During the first four minutes the postconvulsive stage the patient 
state unconsciousness and his body during the first minute 
muscular contraction pattern which exactly corresponds decerebrate 
rigidity: the legs are stretched, arms bent and the head mild 
opisthotonus. Nonetheless, various manipulations applied produce such 
changes the positions the limbs could possibly considered 
expression postural reflex reaction were unsuccessful: i.e. Magnus 
and Kleijn reactions were observed. 

The behaviour the very inconstant. the tonic stage they 
may contract, but sometimes the postconvulsive phase they 
often change size from mild contraction maximal enlargement. This 
play may repeated many times. Dilatation more frequent than 
contraction. 

The light reflex disappears for one three minutes but this time not 
constant even the same person and may change from session session. 
The light reflex not dependent upon the size the pupils and reappears 
commonly before the pupils return their original condition. 

The degree dermographism elicited shortly before and immediately 
after the convulsive shock quite the same. Since many persons exhibit 
after the shock widespread goose-fiesh and profuse perspiration 
might expect find the vasomotor reilex but this not the 
case. 


interest compare the character the phenomena obtained 


here with similar phenomena organic lesions the central nervous 
system. 
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The character the exaggeration the deep reflexes shows generally 
the same features seen structural lesions. 

The high incidence abolition the jerk less value 
comparative investigations since experience this reflex may absent 
healthy individuals. examination deep reflexes immediately 
before treatment the supinator jerk was frequently absent very poor 
persons who were neurologically quite normal. 

The knee-jerk—apart from the supinator jerk—is the most liable 
suffer and absent for the longest duration. 
those superficial reflexes investigated, the abdominals reappear after 
the longest interval. Since all skin reflexes without exception disappear 
the same time, their relative sensitiveness can deduced only from the 
duration their abolition. may therefore assume that the abdominal 
reflex the most sensitive. 

Within ten fifteen minutes, the plantar reflex passes through rapid 
evolution its various phases. Starting with normal flexion suddenly 
loses its reactivity, then turns strong extensor response and finally 
returns its primary condition. The features sign brought 


about the short functional disorder electrical shock procedure show 


the same properties observed organic lesions but the receptive field 
almost exclusively limited the foot and the upgoing toe cannot 


elicited from more proximal parts the limb. 
Babinski pointed out that his sign best obtained from the lateral 
border the sole. This true, our investigations prove, not only for 
organic pyramidal lesions but for the Babinski physiological release 
phenomenon. long the extensor response very strong 
elicited from any part the sole. Gradually the receptive field grows 
smaller and smaller until its last refuge the lateral border the sole. 
This area not much the lateral border itself narrow strip along 
the lateral aspect the planta pedis. many cases later phase 
this period positive Babinski can still released from this specific area 
whereas the stimulation the medial part gives rise normal response. 
This coexistence two responses here very common and_ probably 
general care taken follow step step the reappearance the 

flexor response. 
This physiological Babinski—functional the sense its causation, 


short duration and absence after-effects—can abolished changes 


the position the leg examined, but the turning the head which 
according Walshe (1923) produced definite changes the plantar 
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response some hemi- paraplegic patients with signs decerebrate 
rigidity, has, course, our cases been without any effect. 

The character the grasp reflex somewhat different 
phenomenon seen frontal lobe tumours. Grasping movements 
seize hand object put into the palm the unconscious patient are 
very rare, though they occur. rule the response tonic and has 
provoked energetic pulling the flexors the fingers and 
supported continuous pulling. The duration the tonic grasp 
very short, one the most two minutes. not present every 
person. fundamental difference between the phenomenon observed here 
and organic lesions could not discovered. 


The reflex phenomena described above the postconvulsive phase 
the shock procedure have been produced almost invariably the same 
kind and strength stimulus applied the same part the front 
the head. therefore noteworthy that under identical experimental 
conditions the effects stimulation reflexes have not always been the 
same different persons although the majority responded similarly. 

the first minutes after the cessation convulsive jerks the limbs 
are still marked hypertonus, the arms very often perform slow bending 
movement and many persons vivid play myoclonic contractions 
can observed. The duration this state varies widely from individual 
individual, the average duration approximately five minutes. 

small number persons even with normal reflexes this state 
disappears already after one three minutes and these cases 
commonly followed abolition the deep reflexes. But some deep 
reflexes are apt disappear larger proportion cases than others. 

More uniform the behaviour the superficial skin reflexes. From 
the very start the postconvulsive interval cutaneous response can 
elicited. There individual divergence from this rule. 

abortive shock, which comprises the paroxysm only, the super- 
ficial reflexes remain unchanged. the stronger convulsive after- 
discharge which makes the cutaneous reflexes disappear. 

Babinski’s sign appears with almost perfect regularity after four 
five minutes only. 

The corneal reflex mid-brain reflex not affected the cortical 
derangement the electrical shock and remains undisturbed. 

Since the knowledge the physiology the 
phalangeal joint reflex still under discussion interest consider 
its behaviour the electrical shock procedure. 


| 
] 


160 REFLEX STUDIES ELECTRICAL SHOCK PROCEDURE 


The joint reflex disappears completely without exception during the 
first six nine minutes the postconvulsive period. After reappearance, 
its character has not changed and remains unchanged subsequently. 
exaggeration exceptional. those whom originally absent 
cannot elicited after the shock. 

organic lesions the brain, particularly frontal tumours 
abscesses exaggerated phalangeal reflex has often been described 
together with the grasp reflex. From this coincidence and from some 
functional similarity their motor pattern many authors (M. Goldstein, 
1920; Mayer, 1923: Stietler, Adie and Critchley, 1927) have 
inferred that both phenomena are kindred elementary reflex manifesta- 
tions subserving more and voluntary coordinations the 
hand. 

The frequent occurrence the grasp reflex the postconvulsive period 
has therefore offered favourable opportunity study this supposed 
relationship. 

persons with strong postconvulsive grasp reflex, but with phalangeal 
reflex originally absent, the latter remains absent. group fifty 
cases with strong postconvulsive grasp reflex and originally marked 
phalangeal reflex the latter disappeared for six nine minutes but re- 
appeared synchronously with the grasping reflex several minutes later. 
these fifty only two showed exaggeration the restored joint reflex, 
the rest was unchanged. Conversely, those with distinct restored 
postconvulsive joint reflex grasping phenomenon may absent. 

evident that under conditions produced the electrical shock both 
phenomena, grasping reflex, not develop 
lines. 

The abolition phalangeal reflex seems independent the 
disorder the pyramidal area far evidenced the presence 
sign. 

The manifestations the autonomic system such goose-flesh and 
profuse sweating point the same direction. therefore remarkable 
that the vasomotor response the skin evidenced the degree 
dermographism unchanged shortly before and immediately after the 
shock. 

SUMMARY. 

The electrical shock procedure produces considerable though transitory 
changes the reflexes and originates many pathological reflex 
phenomena. 
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The deep retlexes reveal range susceptibility which the knee-jerk 
the most inclined suffer. 

The behaviour the supinator jerk variance with the reactions 
all other deep reflexes and occupies singular position among them. 

similar scale susceptibility could observed the superficial skin 
reflexes, the abdominal being the most vulnerable. 

The corneal reflex does not change all, thus representing the only 
exception among all other common clinical retlex phenomena. 

The occurrence sign the rule. Different features 
this reflex could observed and brought into quantitative sequence. 

spite the spasticity the legs and strong ankle-clonus Rosso- 
sign could never 

large proportion cases grasp phenomenon has been found and 
its occurrence has been related the character the mental disorder. 

The behaviour the phalangeal joint described and its relation- 
ship the grasp phenomenon and sign discussed. 

comparison made between reflex phenomena the postconvulsive 
phase electrical shock procedure and those organic disorders the 
central nervous system. 


the West Riding Mental Hospital, for his interest and encouragement 
investigations. 
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